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ABSTRACT 
Objective: The purpose of this study was to assess the hand washing 
practices of Chiropractic interns using GloGermTM as a surrogate for 
microbial pathogens, in order to achieve better hand washing practices 
among healthcare professionals. 
Method: Participants were asked to apply GloGermTM rub to both hands, 
and then instructed to wash their hands the way they normally would. No 
instruction on the use of soap, nor the instruction on what hand washing 
procedure to perform was given to the participants. A camera and black box 
(with access for hands) containing two ultraviolet lights was used to 
evaluate the extent to which the GloGermTM rub was removed. Photographs 
of the participants hands were taken in the anterior and posterior views to 
capture any residue points (areas which participants could have missed). 
Results: The results showed that GloGermTM rub can effectively be used 
to assess the hand hygiene practices of Chiropractic Interns in the clinic. 
These resulted showed that most interns did not effectively wash their 
hands, in order to remove microbes, (in the form of GloGermTM rub) from 
their hands. 
Conclusion: In conclusion, this dissertation was able to visually 
demonstrate the hand washing practices of Chiropractic Interns using 
GloGermTM as a surrogate for microbial pathogens. It is possible to assume 
that interns do not spend enough time, concentration and effort when 
washing their hands. The importance of correct hand washing practices is 
important to ensure the safety of patients and to lessen the incidence of 
healthcare associated infections.  
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1 INTRODUCTION 
1.1 Background 
“The 21st century hospital is a paradox of life-saving technologies and life-
threatening potential errors” (Gantt and Webb-Corbet, 2010). Challenges 
with hand hygiene compliance in hospitals, clinics and healthcare facilities 
is not a new issue. For decades, several healthcare provider groups have 
attempted to increase hand washing and sanitizing compliance (Evans, 
Ramcharan, Ndetan, Floyd, Globe, Pfefer and Brantingham, 2009).  In 
hospitals, many efforts have been made to keep treatment surfaces clean 
and ensure that health professionals are practicing good hand hygiene, but 
this has only recently become a topic in the chiropractic profession of South 
Africa, today. In only the last 2 years, guidelines regarding hand hygiene 
and sterilization of equipment has been addressed in the University of 
Johannesburg Chiropractic Clinic, Doornfontein Campus (DFC). 
Healthcare associated infections (HAI’s) is hazardous to patient safety 
(Pan, Chen, Tien, Hung, Sheng, Chen and Chang, 2014). This lack of hand 
hygiene compliance may be because of overcrowding, understaffing, poor 
access to handwashing facilities, water shortages, irritant contact 
dermatitis, lack of understanding of the correct hand washing procedure and 
a lack of commitment to adequate hand hygiene (Pittet and Boyce, 2001).  
For these reasons, there is a need for healthcare workers to improve their 
hand washing commitments and efficiency. The concept of “Seeing is 
Believing” may be useful in achieving better compliance when it comes to 
hand hygiene. The need for a change in attitude, a decrease in medical 
personnel negligence and better compliance to proper hand hygiene is so 
important to decrease the spread of HAI’s. One of the most essential 
concepts that needs to be addressed, is the beliefs and attitudes 
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chiropractors and other healthcare providers have towards proper hand 
hygiene and sterilization. 
This study aimed to evaluate the Chiropractic Interns hand washing 
practices, with the hope of improving compliance through the visual 
representation of inadequate hand hygiene techniques. GloGermTM rub was 
used to evaluate the hand washing practices of Chiropractic interns at the 
University of Johannesburg Chiropractic Clinic, Doornfontein Campus 
(DFC). The interns will be assessed using this product that fluoresces when 
exposed to black light and thus, gave a visual representation of the interns’ 
hand washing efficiency. Areas where the GloGermTM rub fluoresces when 
exposed to black light, were considered as residue points.  
The study allowed interns and the researcher to gain a better understanding 
of the importance of correct hand hygiene. The information obtained can 
then be used as a training tool to illustrate the importance of proper hand 
washing practices. This is where the concept of “Seeing is Believing” 
becomes so important. This concept suggests that maybe if interns could 
see residue through the use of fluorescent dye, their overall attitude and 
compliance may change when it comes to hand hygiene. A change of 
attitude and beliefs toward hand hygiene could be the key to the 
improvement of hand hygiene. 
1.2 Aims and Objectives 
The aim of this study was to evaluate the efficiency of the hand washing 
practices of chiropractic interns working in the University of Johannesburg 
Chiropractic Clinic, Doornfontein Campus (DFC). This was achieved by 
using the GloGerm™ rub as a surrogate for microbial pathogens present on 
the hands. The following objectives was used to achieve the aim: 
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• Determine if Chiropractic interns are washing their hands properly 
using the GloGermTM kit by mapping the areas on the hands not 
properly washed. 
• Illustrate to the participants if they are doing proper hand washing. 
• Use the data obtained to create possible training material for interns 
to illustrate the need for proper hand washing techniques. 
1.3 Benefits of the Study 
The possible benefits of this research included a better understanding for 
the participants about their hand washing practices as well as the 
possibilities of using this information for training in the future to create 
awareness of the importance of hand hygiene. Co-authors may submit the 
research for possible publication in international journals. The benefits can 
also include a greater compliance among healthcare professionals when it 
comes to hand hygiene. The study was presented in Berlin, Germany at the 
EPIC2019: Global Opportunities in Spine Care, in March of 2019.   
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2 LITERATURE REVIEW 
2.1 Introduction  
This chapter will discuss the literature on hand hygiene, infections and 
pathogenic microorganisms in the healthcare setting, hygiene behaviors 
practiced by healthcare professionals, GloGermTM rub as a surrogate for 
microbial pathogens, intervention strategies to improve hand hygiene and 
the Chiropractic profession involving hand hygiene. 
2.2 Chiropractic Profession and Hand Hygiene 
Chiropractic is derived from the Greek words cheir (hand) and praxis 
(action) which emphasizes the fact that chiropractors use their hands to 
treat their patients. (Turner and Odle, 2005). Chiropractic is a 
complimentary medicine that deals with the diagnosis, treatment and 
prevention of neuromusculoskeletal disorders and the effects that these 
have on general health (Salehi, Hashemi, Imanieh and Saber, 2015). 
Chiropractic treatment focuses on manual therapy, which includes soft 
tissue therapy, articular manipulation and articular mobilization (Salehi et al, 
2015).  
The Chiropractic profession is registered under the Allied Healthcare 
Professional’s Council of South Africa. The profession is recognized as one 
of the primary allopathic healthcare professions today. The profession has 
a ‘hands-on’ approach when it comes to treating patients, which may have 
an influence on the incidence healthcare associated infections. 
A research study conducted at three Chiropractic institutions found that 
education is necessary to improve hand hygiene compliance amongst 
chiropractic interns (Evans et al, 2009).The research involved assessing the 
attitudes and behaviors students had towards hand hygiene and sanitation, 
before and after an educational campaign (Evans et al, 2009). The 
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educational campaign included a brief PowerPoint presentation for students 
and interns that aimed to increase the awareness of the dangers of 
pathogens and how to reduce the risks pathogens pose on patients (Evans, 
et al, 2009). through simple   and They found that 74% of the students had 
positive attitudes towards hand hygiene before and after the educational 
initiative (Evans et al, 2009). The students’ attitude towards the importance 
of hand hygiene increased by 1% post-education (Evans et al, 2009). The 
practice of hand washing and hand rubbing increased from 78% to 83%, 
after the educational campaign (Evans et al, 2009). They found that 
students who believed that their fellow-students were practicing good hand 
hygiene, believed that hand hygiene was important (Evans et al, 2009). 
Students that believed the opposite (that their fellow students were not 
practicing good hand hygiene), also felt that hand hygiene wasn’t that 
important (Evans et al, 2009).  
At the University of Johannesburg Chiropractic Clinic, Doornfontein 
Campus (DFC), a research study provided students with education 
concerning hand hygiene and assessed whether the educational 
intervention would decrease bacterial counts on the hands (Blundell, 
Barnard, Singh and Yelverton, 2018). Although there was a reduction in the 
amount of bacterial counts on the hands, there was still a portion of live cells 
after the intervention (Blundell et al, 2018). They found that despite the fact 
that students had gained knowledge on the method, timing and importance 
of hand hygiene, they still did not wash their hands well enough to rid their 
hands of microbes (Blundell et al, 2018). 
2.3 Hygiene Behaviour 
Hygiene behaviour encompasses regular practices and behaviours that 
reduce infection transmission (Peter and Mattner, 2014). Hand washing 
involves cleansing the hands with soap and water or an alcohol-based 
hygiene gel, to remove “dirt” (which is visible to the naked eye) and 
 
 
 
6 
microorganisms (which is microscopic), from the hands. For a long time, 
good hand washing has been considered a necessary, cost-effective and 
safe practice in decreasing the incidence of healthcare associated 
infections (HAI’s) (Beggs, Sheperd and Kerr, 2009).  It has been shown, 
multiple times, that good hand hygiene is crucial in the prevention of 
infections in several types of communities such as; hospitals, food vendors, 
restaurants, day care centres, clinics and schools (Prater, Fortuna, McGill, 
Brandeberry, Stone and Lu, 2016).  
Factors that are reported to influence hand hygiene and infection control 
include; workplace culture, the high speed or actions required in 
emergencies, frequent interruptions, heavy workloads, time constraints, 
location of patients in nonclinical areas, access to facilities and products 
and overcrowding (Jeanes, Coen, Drey and Gould, 2018). On top of these 
factors, there are other potential factors that include: lack of staff education, 
knowledge and experience, lack of staff skills and lack of staff capacity 
(Jeanes et al, 2018). Another research study found that there may be 
decreased compliance when it comes to hand washing, due to increased 
care-giving, hand irritation and allergies to chemicals (Oncu, Köksoy, 
Diğdem and Yıldız, 2018) Hand washing surveys revealed that hand 
comfort and personal beliefs also plays a key role when choosing water 
temperature and hand soap, which may also influence hand hygiene 
compliance (Jensen, Macinga, Shumaker, Bellino, Arbogast and Schaffner, 
2017).  
A study performed in three National Health Service trusts in England 
investigated the opinions of nurses about hand hygiene, their use of alcohol 
hand rubs and other important hand hygiene related issues (Gould, Navaie, 
Purssell, Drey and Creedon, 2017). They found three main noteworthy 
opinion groups: positive attitudes, pragmatism and skepticism, and a 
smaller group which suggested guilt relating to the ability to perform hand 
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hygiene (Gould et al, 2017). These opinions may influence hand washing 
and may be a plausible justification for poor hand hygiene behavior (Gould 
et al, 2017). In other words, those that have positive opinions with regards 
to hand hygiene, may fulfill hand hygiene practices whilst those who are 
pragmatic towards hand hygiene, may practice hand washing or hand 
rubbing when they feel that hand washing is necessary at the time, in a 
particular setting. 
Cleansing hands is important in emergency departments and the alike, 
since treatment frequently involves high risk, invasive procedures. Time is 
also an important aspect to this, since medical professionals lack the time 
to assess patient susceptibility to infection and the possibility of spreading 
disease (Caris, Labuschagne, Dekker, Kramer, van Agtmael and 
Vandenbroucke-Grauls, 2018). When healthcare professionals are not 
exposed to HAI’s, they won’t believe that poor hand hygiene is a major 
cause for the incidence of HAI’s (Caris et al, 2018). This may be due to 
cognitive biases that may result in poor hand hygiene compliance and so, 
the implementation of a “friendly push or nudge” to encourage the desired 
behaviour, (an improvement in hand hygiene compliance) could be of value 
(Caris et al, 2018). Nudging behaviour has been used in various fields like 
the cessation of smoking and in the making of healthy food choices (Caris 
et al, 2018). 
2.4 Hospital Acquired Infections and Healthcare Associated 
Infections  
Healthcare Associated Infections (HAI’s) are infections that patients acquire 
during a stay in hospital and are not present nor incubating at admission 
(Fafliora, Bampalis, Lazarou, Mantzouranis, Anastassiou, Spiliopoulou and 
Christofidou, 2014). They can either occur within 30 days of a surgical 
procedure, within 3 days of discharge or within 48 hours of hospital 
admission (Revelas, 2012). These infections are extraneous to the original 
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illness that brought the patient to the hospital (Revelas, 2012).  Infectious 
diseases are transmitted from person-to-person by direct or indirect contact 
(Prater et al, 2016). The mode of transmission could be because of high-
touch surfaces, poor hand hygiene practices, poor sterilization of hospital 
equipment, poor hygiene behavior and neglect (Prater et al, 2016). The 
incidence of HAI’s is on the rise and has resulted in an increase in patient 
morbidity and mortality and a longer in-hospital-stay for sick patients (Chen, 
Ma and Yan, 2014). Healthcare associated infections is one of the leading 
complications in hospitalized, disabled patients (Chen et al, 2014). The 
European Centre for Disease Control (CDC) assessments suggest that one 
in twenty patients are affected by HAI’s during a hospital stay (Hur, Jin and 
Lee, 2017). 
Apart from the risks HAI’s have on the disabled patient, they too create great 
costs, as there is an increase in consumption of resources (Chen et al, 
2014). HAI’s are a cause for more than 98,000 deaths on an annual basis 
in the United states, and each year 7-10% of patients in hospitals acquire 
HAI’s (Cummings, Anderson and Kaye, 2010). On top of the cost, there is 
a concern that these pathogens are becoming increasingly resistant to 
antimicrobial agents (Cummings et al, 2010).  
The incidence of HAI’s may be related to the microbial agent’s factors, the 
clinical status of the patient, the use of antimicrobials and the environment 
in which patient and microbe reside (Fafliora et al, 2014). The risk of these 
infections also depends on patient-related factors, the procedures and 
treatment conducted and the institution’s specific features (Koch, Nilsen, 
Dalheim, Cox and Harthug, 2015). Due to direct patient contact, nurses, 
doctors, patients and other health professionals are at an increased risk of 
contracting HAI’s (Oncu et al, 2018).  
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2.5 Hand Hygiene Healthcare Associated Infections Prevention 
Strategies 
Good hand washing is the distinct means to the prevention of infections via 
horizontal transmission (Mehta, Gupta, Todi, Myatra, Samaddar, Patil and 
Ramasubban, 2014). “My 5 Moments for Hand Hygiene” is an educational 
poster implemented by the World Health Organization (WHO) as part of an 
ongoing commitment to reduce the incidence of HAI’s (WHO, 2009). 
According to WHO’s five moments for hand hygiene, hand washing and 
hand hygiene should be performed: before touching a patient (to protect the 
patient from pathogenic microorganisms on the hands), before an aseptic 
procedure (to protect the patient against pathogens, including the patient’s 
own pathogens), after body fluid exposure risk (for protection of the 
healthcare worker and environment from patient pathogens), after touching 
a patient (to protect the healthcare worker and environment from patient 
pathogens) and after touching the patient’s surroundings (Mehta et al, 
2014).   
WHO’s recommendations for hand hygiene is based on 5 factors; ensuring 
that the correct resources are provided, that there is available education on 
hand hygiene and that there is observation of hand hygiene with feedback 
of performance, workplace reminders and support from management 
(Gould et al, 2017). WHO, along with other guidelines, believe in the use of 
alcohol-based hand rubs due to the fact that they are easily accessible, 
convenient and are cosmetically satisfactory (Gould et al, 2017). 
Interventions to increase hand hygiene compliance are based on or include 
some of the recommendations provided by WHO (Gould et al, 2017). 
Several studies have explored the opinions of healthcare workers on what 
could be done to improve compliance, but it seems as if very little has been 
investigated on the ideal approach that healthcare workers may have, when 
it comes to hand hygiene (Gould et al, 2017). 
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Thus, a systematic infection control program and surveillance of infections 
may be an effective and significant tool in the reduction of HAI’s (Koch et al, 
2015). This may also pave the way for the improvement in healthcare 
professionals’ education, awareness and hand hygiene compliance (Oncu 
et al, 2018). By understanding the role of infectious diseases in our society, 
an improvement in public health may be achieved (Prater et al, 2016). 
According to the Centers for Disease Control and Prevention (CDC), 
notifiable diseases are changing every year, and the incidence of new-
emerging and re-emerging diseases are rising (Prater et al, 2016). 
The use of soap and water should be well-practiced when the hands are 
visibly soiled (Mehta et al, 2014). All parts of the hands and fingers should 
be covered and rubbed with soap and water (Mehta et al, 2014). An alcohol-
based hand rub should be utilized if the hands aren’t visibly soiled (Mehta 
et al, 2014). Before performing the hand washing procedure, fingernails 
should be trimmed, and jewelry and watches should be removed to reduce 
contamination to patients and patient surroundings (Mehta et al, 2014).  
In hospitals in Ireland, alcohol-based hand rubs are placed at the entrance 
of every ward (Fakhry, Hanna, Anderson, Holmes and Nathwani, 2012). 
The placement of an alcohol-based hand rub at the entrance of every ward 
is not a specific guideline implemented by the World Health Organization 
(WHO), but it would certainly be sensible to have more access to hand 
sanitizers at the entrances of every patient’s room and in every ward 
(Fakhry et al, 2012). If hand sanitizers are placed in a more convenient and 
accessible location, hand hygiene compliance may increase (Fakhry et al, 
2012).  
When it comes to effective hand washing strategies, understanding how 
antimicrobial products work, may offer important insight on how 
microorganisms are affected by these products. The active ingredients used 
in antimicrobial soaps either disrupts bacterial cell function by destroying 
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the cell (bactericidal) or inhibiting the cells’ reproduction (bacteriostatic) 
(Jensen et al, 2017). Antimicrobial soaps are considered antiseptic and not 
antibiotic, and the literature states that there is a greater reduction in 
microorganisms using antimicrobial soaps than using bland soaps (Jensen 
et al, 2017).  
Although there is a wide belief that hot temperatures can kill microbes on 
the hands, studies have found that the temperatures required to kill these 
microbes would injure human skin and may increase the risk of dermatitis 
(Jensen et al, 2017). In the study conducted by Jensen et al (2017) lather 
time, water temperature and volume of soap was assessed. They found that 
microbial reduction will not increase much beyond 10-20 seconds, and thus, 
more time is necessary in order to wash off microorganisms (Jensen et al, 
2017). Their hypothesis was that: microbes that are easier to remove 
require less than 30 seconds of hand washing, but those microbes that are 
found to be embedded in deeper layers of the skin or pores will not be 
removed regardless of longer duration of hand washing time (Jensen et al, 
2017). The same was seen with water temperature with the use of soap. 
The volume of soap did have some effect on decreasing microbial load 
(Jensen et al, 2017). The increase in the volume of antimicrobial soap 
increased the log reductions of microbes (Jensen et al, 2017).  
A study conducted by Martínez-Reséndez, Garza-González, Mendoza-
Olazaran, Herrera-Guerra, Rodríguez-López, Pérez-Rodriguez, Mercado-
Longoria and Camacho-Ortiz (2014) assessed the use of chlorhexidine 
baths and adherence to good hand hygiene compliance on critically ill 
patients, particularly those at risk for contracting nosocomial infections. 
Chlorhexidine is an antiseptic aimed at killing gram-positive bacteria, gram-
negative bacteria, some viruses and molds (Martínez-Reséndez et al, 
2014). The combined intervention decreased global and specific infection 
rates (which included rates of ventilator-associated pneumonia related to A. 
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baumannii) as well as catheter-associated urinary tract infection related to 
Candida spp. (Martínez-Reséndez et al, 2014).  
2.6 Pathogenic Microorganisms and Infectious Diseases 
Microorganisms stem from common ancestors such as plants and animals 
and today, have evolved with moderately little change, from their ancestors 
(Jawetz, Melnick and Adelberg, 1984). Microorganisms are classified either 
as protists, also known as eukaryotes (with subgroups: algae, protozoa, 
fungi and slime molds) or prokaryotes (with subgroups bacteria, 
cyanobacteria and archaebacteria) and viruses (Jawetz et al, 1984). 
Pathogens are merely organisms that attempt to procreate or live in a host 
and can trigger disease and infections (Alberts, Johnson and Lewis, 2002). 
Human hosts provide a nutrient-dense, moist and warm environment for 
these organisms to flourish (Alberts et al, 2002).  
Pathogens are different from normal microorganisms as they thrive in 
immunocompromised or injured host (Alberts et al, 2002). Pathogens have 
created particular mechanisms that allows them to cross cellular and 
biochemical barriers and create specific responses within the host (Alberts 
et al, 2002). Pathogens need to follow a specific series of events in order to 
thrive and multiply within the host. They need to colonize the host, find a 
nutritionally compatible environment within the host, avoid, subvert or 
circumvent host immunological responses, replicate and exit the current 
host and finally, find a new host (Alberts et al, 2002). The most familiar 
pathogens that cause disease in humans, are viruses and bacteria (Alberts 
et al, 2002).  
The principle groups of bacteria (including species that are pathogenic to 
humans) are gliding bacteria; spirochetes; eubacteria (mycelial); simple 
unicellular (which consists of obligate intracellular parasites) and free-living 
simple unicellular which can be gram-positive (cocci, nonsporulating rods 
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or sporulating rods) or gram negative (cocci, enteric rods and non-enteric 
rods) (Jawetz et al, 1984).  Gram-positive and gram-negative bacteria are 
distinguished according to their response to the gram staining procedure 
(Jawetz et al, 1984).  Gram-positive bacteria are decolorized and remain 
crystal-violet blue, whilst the gram-negative bacteria are decolorized after 
the application of alcohol (Jawetz et al, 1984).  
ESKAPE pathogens is an acronym used to describe a group of gram-
positive and gram-negative bacteria. These include Enterococcus faecium, 
Staphylococcus aureus (S. aureus), Klebsiella pneumoniae (K. 
pneumoniae), Acinetobacter baumannii (A. baumannii), Pseudomonas 
aeruginosa (P. aeruginosa) and Enterobacter species (Santajit and 
Indrawattana, 2016). These pathogens are the number one cause of 
nosocomial infections, worldwide (Santajit and Indrawattana, 2016). 
Nosocomial infections are infections that are caught in a certain place where 
a certain toxin resides, such as a hospital (Tiwari, Meena and Tiwari, 2018). 
Nosocomial infections are acquired either by endogenous or exogenous 
sources, and are exchanged by either direct or indirect contact (Tiwari et al, 
2018) 
Enterococcus faecium (E. faecium), an increasingly problematic pathogen, 
has, over the last  two decades, emerged as one of the leading causes of 
multi-drug-resistant enterococci (Higuita and Huycke, 2014). E. faecium has 
the ability to spread rapidly and is resistant to vancomycin and some of its 
particular strains, have developed resistance to penicillin and high levels of 
aminoglycosides (Higuita and Huycke, 2014). Treatment of E. faecium is 
particularly difficult, as 40 % of medical Intensive Care Units (ICU’s) are 
infected with a high proportion found on medical equipment, such as: central 
venous lines and urinary drainage catheters (Higuita and Huycke, 2014).  
Enterococcal disease can cause a diversity of infections, predominantly 
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urinary tract, intra-abdominal, pelvic and soft tissue infections, bacteraemia 
and endocarditis (Higuita and Huycke, 2014).  
Staphylococcus aureus (S. aureus) is a gram-positive, free-living cocci 
which produces an enterotoxin whilst growing in meat, dairy and baking 
products (Jawetz et al, 1984) S. aureus can cause bacteraemia, sepsis, 
pneumonia, endocarditis and osteomyelitis (CDC, 2011). Persons most at 
risk for developing an S. aureus infection, are those who suffer from chronic 
conditions, such as; diabetes, cancer, eczema, vascular diseases and 
respiratory disorders (CDC, 2011). S. aureus is the most common cause of 
cultured skin and soft tissue infections in US emergency rooms, and an 
important cause of infectious disease mortality (Egan, 2018).  S. aureus has 
become increasingly resistant to methicillin, which has been a treatment 
option for years (Cummings et al, 2010). This is a very serious trend, as 
MRSA (Multi-Drug Resistant Staphylococcus aureus) infections result in 
greater morbidity and higher costs, due to the fact that is has become drug 
resistant. 
Klebsiella pneumoniae (K. pneumoniae) is a gram-negative bacterium, that 
is capable of producing enterotoxins that induces the hypersecretion of 
fluids and electrolytes into the lumen of the small intestine (Jawetz et al, 
1984). K. pneumoniae is a major member of the Enterobacteriaceae family, 
with strains that are very difficult to treat (Yan, Zhou, Du, Bai, Liu, Gong, 
Song, Tong and Liu, 2018). Like P. aeruginosa, K. pneumoniae is an 
opportunistic bacterium that is the cause for urinary tract infections (UTI’s), 
which commonly affects hospitalized and immuno-compromised individuals 
(Clegg and Murphy 2016). People in ICU in China are disproportionately at 
risk for developing K. pneumoniae nosocomial carbapenem-resistant 
infection, with a high mortality and morbidity rate (Yan et al, 2018). This 
microorganism has very similar properties to the enterotoxin E. coli (Jawetz 
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et al, 1984). K. pneumoniae infections are difficult to treat since they are 
resistant to quite a few antibiotics (Clegg and Murphy, 2016).  
Acinetobacter baumannii (A. baumannii) an opportunistic bacterial 
pathogen, has recently increased in incidence, due to the fact that it is multi-
drug resistant and largely associated with the infection of combat troops 
(Howard, O’Donoghue, Feeney and Sleator, 2012). A. baumannii is a gram 
negative, aerobic, pleomorphic and non-motile bacillus (Howard et al, 
2012). Immunocompromised individuals, especially those that are in 
hospital for more than a 90-day period, have a high risk of contracting A. 
baumannii infection (Howard et al, 2012). A. baumannii has been known to 
invade the skin, the respiratory tract and oropharynx (Howard et al, 2012). 
A. baumannii has been viewed as concerning in conflict zones in Iraq, as 
bloodstream infections have been noted among US army service, giving it 
the name “Iraqibacter” (Howard et al, 2012). A. baumannii targets mucous 
membranes, has a “peau d’orange” (orange peel) skin appearance and if 
left untreated, can result in septicemia (Howard et al, 2012).   
Pseudomonas aeruginosa (P. aeruginosa) is a gram-negative, motile, 
aerobic rod which produces water-soluble pigments, that diffuse through a 
medium (Jawetz et al, 1984). It is an opportunistic microorganism that 
establishes itself in the most vulnerable of patients, such as those who have 
cystic fibrosis or who are hospitalized in Intensive Care Units (de 
Bentzmann and Plesiat, 2011). P. aeruginosa is found on normal human 
skin and is present in small numbers in the intestinal flora (Jawetz et al, 
1984). P. aeruginosa is only considered pathogenic, if it is introduced into 
areas devoid of normal defenses or when participating in mixed infections 
(Jawetz et al, 1984). The overuse and misuse of antibiotics has led to the 
development of a resistant strain, of which, there are very few treatment 
options (de Bentzmann and Plesiat, 2011). P. aeruginosa present in the 
following opportunistic settings can cause the following: lumbar puncture 
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which can result in meningitis, catheter use creating urinary tract infections, 
contaminated respirators resulting in necrotizing pneumonia and infection 
of burns or wounds, resulting in gangrene (Jawetz et al, 1984).  
Escherichia coli (E. coli) is a type of aerobic, enteric, gram-negative, 
enterotoxigenic bacteria and is the most common cause of traveler’s 
diarrhea (Jawetz et al, 1984). E. coli is found in people and animals and 
ultimately, forms part of a healthy digestive intestinal flora (CDC, 2018). 
There are several types of E. coli and those that are known to be 
pathogenic, cause diarrhea (that can often be bloody), severe stomach 
cramps, fever and vomiting (CDC, 2018). E. coli increases the local 
concentration of cAMP (cyclic adenosine monophosphate) which results in 
a disturbance of the sodium-potassium balance, causing extended 
hypersecretion of water and chlorides and inhibited reabsorption of sodium 
(Jawetz et al, 1984). E. coli is spread by contaminated water sources, 
consumption of contaminated foods, unpasteurized foods and poor hand 
hygiene (CDC, 2018).  
Clostridium difficile (C. difficile) is a gram-positive bacterium, which is 
potentially life threatening and the leading cause of diarrhea with regards to 
healthcare associated infections (HAI’s) (Klaas Smits, Lyras, Lacy, Wilcox 
and Kuijper, 2016). At first, it was found in the guts of healthy infants in 1935 
and was described as “an actively motile, heavy bodied rod with elongated 
subterminal or nearly terminal spores” (Klaas Smits et al, 2016). It is an 
especially dangerous infection in elderly patients who have antibiotic 
associated colitis, due to antimicrobial drug exposure (Klaas Smits et al, 
2016). Antimicrobial agents, host’s immune system, host’s gut microbiota 
and its associated metabolites, influence the life cycle of C. difficile (Klaas 
Smits et al, 2016). C difficile produces a necrotizing toxin which causes 
pseudomembranous enterocolitis (Jawetz et al, 1984). C. difficile produces 
large clostridial toxins which trigger a complex cascade of host cellular 
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responses which causes diarrhea, inflammation and tissue necrosis (Klaas 
Smits et al, 2016). C. difficile is transmitted via the faecal-oral route and 
dormant cells are highly resistant to environmental conditions, some 
antimicrobials and some disinfectants (Klaas Smits et al, 2016).  
The development of antimicrobial therapy began in 1935 with the discovery 
of sulfonamides (Jawetz et al, 1984).  In 1929, penicillin had been witnessed 
as an effective chemotherapeutic substance (Jawetz et al, 1984). The 
development of penicillin was then followed by streptomycin, tetracyclines, 
chloramphenicol and many other agents (Jawetz et al, 1984). The incidence 
of drug-resistant bacteria has been increasing worldwide, thus too, 
increasing the morbidity and mortality statistics around the world (Hur et al, 
2017). A high proportion of the infections that are acquired in hospitals are 
due to multiple drug resistant organisms (MDRO’s) (Hur et al, 2017). 20% 
of the infective organisms found to cause HAI’s in US hospitals, will in 2039, 
be due to MDROs, according to the National Healthcare Safety Network of 
the Centers for Disease Control and Prevention (CDC) (Hur et al, 2017).  
MDRO’s are especially susceptible to at least one drug in each category of 
antibiotics (Hur et al, 2017). These are multi- drug resistant gram-negative 
bacteria, meticillin-resistant Staphylococcus aureus and vancomycin-
resistant enterococci (Hur et al, 2017).  
The emergence of resistant bacteria is compromising the efficacy of 
antibiotics (Ventola, 2015). The antibiotic resistance crises may be due to 
the overuse and misuse of medications and a lack of new drug development 
due to decreased economic incentives and regulatory requirements 
(Ventola, 2015). The ESKAPE pathogens are particularly important as they 
are multidrug resistant isolates, complicating clinical management and drug 
resistance (Santajit and Indrawattana, 2016). According to the CDC, the 
crises has caused a huge clinical and financial burden for families and the 
United States’ Health System (Ventola, 2015). The history of resistance has 
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been quite prevalent since the discovery of penicillin in 1928, which was 
used to treat many bacterial infections in the 1940’s and bacterial infections 
during World War 2 (Ventola, 2015). Shortly after that, penicillin resistance 
became an issue in the 1950’s, and this resulted in the development of beta-
lactam antibiotics (Ventola, 2015).  
2.7 Hygiene Safety Lapses 
Poor hand hygiene compliance and hygiene safety lapses pose a major 
threat to patients who are already admitted to hospital. Good hand hygiene 
compliance is not only limited to hospitals alone, but also to old age homes, 
clinics, restaurants and childcare facilities. Those especially at risk for 
developing HAI’s are the elderly, children, infants, persons with neurological 
disease, persons with cancers and persons with other physical ailments and 
illnesses.  
Contamination of medical equipment and devices by microbial flora play a 
great role in the incidence of HAI’s (Fafliora et al, 2014). In 2014, a Greek 
emergency department was assessed for contamination of health 
professionals’ stethoscopes, various medical equipment and bedrails and 
their overall hand hygiene compliance (Fafliora et al, 2014). The main goal 
of this study was to establish whether the physician’s medical devices and 
stethoscopes were contaminated by bacteria and to determine the self-
reported cleaning habits of the physicians (Fafliora et al, 2014). 
It was found that among the 100 devices that were tested for contamination 
(including stethoscopes), 99% had a positive bacterial culture (Fafliora et 
al, 2014). Most of the physicians practiced adequate hand washing (95.5%) 
but, only 64.8% washed their hands after each patient consult, and only 
22.7% did so when they believed their hands were dirty (Fafliora et al, 
2014). 
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The University of Wisconsin Children’s hospital completed a study 
evaluating the occurrence of Clostridium difficile infection in paediatric 
patients. In the last 15 years, the incidence of C.difficile infection has 
increased in the pediatric population (Warrack, Duster, Van Hoof, Schmitz 
and Safdar, 2014). C. difficile infection has become an increasingly difficult 
infection to control and has exceeded the incidence of Methicillin-resistant 
Staphylococcus aureus (MRSA) infection, one of the most common HAI’s 
(Codella, Safdar, Safdar, Hefferman and Alagoz, 2015). The strategies to 
combat C. difficile infection, are to administer oral vancomycin, to commit to 
environmental disinfection, to ensure contact isolation of diseased patients 
and most importantly, to increase the practice of hand hygiene involving the 
use of soap and water (Codella et al, 2015). 
Pediatric cancer patients are especially susceptible to C. difficile infection 
(Warrack et al, 2014). Mortality rates from C. difficile infection increased 
more than 400% between 2000 and 2004 in American hospitals (Codella, 
et al, 2015). Half a million Americans are affected by CDI yearly, with a 
death toll of around 20,000 people annually due to CDI (Codella et al, 2015). 
Adherence to contact isolation and hand hygiene proves to be the issue 
when it comes to CDI outbreaks (Codella et al, 2015). 
In the Wisconsin pediatric hospital, a major contributor to CDI was the 
access families had to the patients in the pediatric ward, as well as the 
frequent use of shared areas, resulting in a heavily contaminated 
environment (Warrack et al, 2014). Environmental contamination was 
evaluated by aseptically culturing high touch surfaces and through the use 
of a sterile moistened pad (Warrack et al, 2014). Three patients developed 
CDI (ages 2, 3 and 14 years) within a period of 48 hours. Two of the patients 
were situated in rooms adjacent to one another and the third room was 
located in the same corridor, which suggested that the cause of infection 
may be due to person-to-person transmission (Warrack et al, 2014). Other 
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areas that were mostly contaminated by C. difficile seemed to be in areas 
shared between patients, personnel and family (Warrack et al, 2014).  
In July of 2011, the Mississippi Department of Health were alerted by a local 
hospital of a cluster of Pseudomonas aeruginosa bloodstream infections 
(BSI), involving four patients receiving care at an outpatient chemotherapy 
center (Dobbs, Guh, Oakes, Vince, Forbi, Jensen, Moulton-Meissner and 
Byers, 2014).  Two of the patients also had Klebsiella pneumoniae BSI 
(Dobbs et al, 2014). On further investigation, 14 of the 84 patients were 
infected with P. aeruginosa (Dobbs et al, 2014). The cause for the outbreak 
was due to multiple injection safety lapses, explicit syringe reuse among 
patients and the reuse of syringes to access shared medications (Dobbs et 
al, 2014). In conclusion, the outbreak most likely was because of improper 
preparation of injectable medications (Dobbs et al, 2014). 
Since 2007, in China, Carbapenem-resistant K. pneumoniae (CRKP) 
infection rates have increased significantly, over the years (Yan et al, 2018). 
Based on the data taken from the Carbapenem-resistant 
Enterobacteriaceae (CRE) Net, CRKP strain are to blame for 70-80% of 
clinical CRE infections (Yan et al, 2018). The genes among the strains make 
it so difficult to prevent infection and control measures against CRKP, that 
it has become a major threat within hospitals (Yan et al,  2018). The isolates 
of CRKP typically contaminate the ICU environment, namely; gloves, 
gowns, high-touch surfaces, and most importantly, the staff’s hands (Yan et 
al, 2018).  
Street vended foods, especially meats, are a valuable source of protein in 
developing countries like South Africa (Shiningeni, Chimwamurombe, 
Shilangale and Misihairabgwi, 2018). Although this meat source is 
important, it too provides a breeding ground for microbial pathogens 
(Shiningeni et al, 2018). Food service employee’s hands have been known 
to be contaminated with various pathogens due to poor hand hygiene and 
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as a result, are the cause in the spread of 97% of foodborne illnesses 
(Lambrechts, Human, Doughari and Lues, 2014).  
Street vended foods are available in public places, in open markets, parks, 
street pavements and taxi ranks (Shiningeni et al, 2018). As a result, the 
potential for microbial contamination is high, creating health risks, such as 
salmonellosis, listeriosis and E. coli outbreaks In Gauteng, South Africa. 
Shiningeni et al, 2018). A study evaluated the hand washing and sanitation 
practices among food handlers (Lambrechts et al, 2014). 230 samples were 
collected from food handlers, whose dominant hands were sampled for 
Total Plate Count (TPC) Staphylococcus aureus and Escherichia coli 
(Lambrechts et al, 2014). 60% of the TPC analyzed, exceeded the legal limit 
of contamination and 18% of the food handlers had no bacteria detected on 
their hands (Lambrechts et al, 2014).  The study discovered that hand 
hygiene is substandard and may have grave consequences on public health 
(Lambrechts et al, 2014). 
In South Africa, rural children are at risk for contracting infections with 
Enterobius vermicularis parasites (Cranston, Potgieter, Mathebula and 
Ensink, 2015). Enterobius vermicularis, also known as pinworm infection, is 
found all over the world and in most cases can cause insomnia, 
restlessness and non-specific childhood colitis (Cranston et al, 2015). The 
study assessed 235 school children between the ages of 5 and 16 years old 
in the rural Mutale Region of Limpopo (Cranston et al, 2015). A 
questionnaire was used to collect information regarding water supply in the 
home and at school, hand hygiene, and access to sanitation (Cranston et 
al, 2015).  Children had their hands rinsed using a standard method to 
establish any contamination with E. vermicularis. 39 out of 235 school 
children were positive for E. vermicularis helminth eggs on their hands 
(Cranston et al, 2015). The results showed that the helminth eggs were 
more frequently present on the hands of male children compared to female 
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children (Cranston et al, 2015). Good hand washing and access to fresh 
water and soap, may have reduced the presence of E. vermicularis helminth 
eggs on the children’s hands (Cranston et al, 2015). 
In South Africa, poultry is one of the main sources of good animal protein 
(Katiyo, de Kock, Coorey and Buys, 2019). Raw chicken meat is renowned 
to be a reservoir for Campylobacter spp. and Salmonella spp. pathogens 
(Katiyo et al, 2019). A study assessed the knowledge and practices of a 
group of South African consumers, concerning the handling of raw chicken 
meat, the washing of hands before and after handling raw chicken meat and 
the purchasing and thawing of raw chicken meat (Katiyo et al, 2019). A 
questionnaire was given to the consumers in the study, whereby they were 
asked about their concerns regarding the safety risks linked to handling raw 
chicken, their self-reported practices when handling raw chicken meat and 
their knowledge regarding the safe handling of raw chicken meat (Katiyo et 
al, 2019). The study found that 31% of the participants reported that they 
did not wash their hands with soap and water before handling raw chicken. 
36% of the participants reported that the did not wash their hands after 
handling raw chicken (Katiyo et al, 2019).  This study showed that there was 
a serious lack of knowledge and hand hygiene practices practiced by 
consumers, when handling raw chicken meat (Katiyo et al, 2019). 
Enteric viruses such as norovirus, rotavirus and rhinovirus have been found 
on toys, telephones, drinking cups, bannisters, door handles, toilet flush 
handles and fabrics (Verani, Bigazzi and Craducci, 2014). Enteric viruses 
can be spread indirectly by dirty hands or directly by handling contaminated 
materials (Verani et al, 2014). The spread of airborne enteric viruses can 
occur through aerosol and droplets produced by toilet flushing (Verani et al, 
2014). A study investigated the air and surfaces in two toilets, in an office 
building and three toilets in a hospital, before and after cleaning operations 
(Verani et al, 2014). To identify the transmission route for single cases or 
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outbreaks is quite difficult, as the way in which airborne viruses are spread, 
is not well defined (Verani et al, 2014). Person-person transmission may still 
be a viable reason for the spread of enteric viruses, due to environmental 
contamination by suspended or settled aerosol droplets (Verani et al, 2014).  
The study showed that as a whole, viruses were found on 78% of surfaces 
and 81% were found in aerosol (Verani et al, 2014). Bacterial counts were 
found to have no connection to viral presence and cleaning didn’t seem to 
decrease contamination much (Verani et al, 2014). 
At the University of Johannesburg Chiropractic Clinic, a study investigated 
the presence of bacteria on the hands of Chiropractic students before and 
after a hand hygiene intervention (Blundell et al, 2018). The study further 
investigated if the intervention was successful in improving hand hygiene 
compliance among students and reduced the concentration of viable 
bacteria present with hand sampling (Blundell et al, 2018). A hand hygiene 
survey was given to 58 Chiropractic students working at University of 
Johannesburg Chiropractic Clinic, Doornfontein Campus, (DFC) twice (one 
before and one, two months after the intervention) (Blundell et al, 2018). 
The intervention showed that there was a 2.9% improvement in knowledge 
regarding hand hygiene. A reduction in the number of dead bacteria and an 
increase in the percentages of live bacteria was noted after the intervention 
(Blundell et al, 2018). The results showed the opposite of the expected 
outcome (a decrease in the percentage of live bacteria) which was an 
increase in the percentage of live bacteria on the hand samples (Blundell et 
al, 2018). 
2.8 Epidemics and Mortality 
In the last 10 years, there has been a significant increase in the occurrences 
of epidemics (Oncu et al, 2018). A minor epidemic is distinguished from a 
major epidemic by the fact that they are shorter in duration, and there are 
significantly fewer cases of infected individuals (Tritch and Allen, 2018). 
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Public health intervention and control strategies are designed in order to 
shorten the course of an epidemic and prevent its occurrence (Tritch and 
Allen, 2018). Healthcare workers are at a great risk from contracting 
diseases, as they are exposed to many infected individuals (Oncu et al, 
2018). During the worldwide epidemic in 2003, healthcare workers made up 
a large proportion of individuals infected by acute respiratory syndrome 
(Oncu et al, 2018). When the Ebola outbreak in West Africa occurred, 815 
healthcare workers were infected with Ebola virus and 2/3 of them died 
(Oncu et al, 2018).   
2.9 Simulation Techniques for Monitoring Hand Hygiene 
Several simulation techniques have been used in order to improve hand 
hygiene. Simulation has the ability to teach behaviors and practices (Gantt 
and Webb-Corbett, 2010). Scenario implementation with the use of a Sim 
lab that housed a SimManTM adult human patient simulator, a birthing 
simulator and one VitalChild medium human patient simulator, was used to 
assess nursing student’s competency (Gantt and Webb-Corbett, 2010).  A 
checklist was followed during the 30-minute clinical scenarios, which was 
used to assess the students (Gantt and Webb-Corbett, 2010). For the hand 
washing procedure, students failed to wash their hands for the required time 
and in a less than satisfactory manner, 45% of the time (Gantt and Webb-
Corbett, 2010). The potential role of simulation may help establish 
healthcare professionals’ behaviors specifically when it comes to hand 
hygiene (Gantt and Webb-Corbett, 2010) 
Cognitive biases, often caused by ‘heuristics”, seem to be a common 
theme, when it comes to poor hand hygiene (Caris et al, 2018). Nudging of 
healthcare workers has recently been used in a few studies (Caris et al, 
2018). Smoking cessation and the making of healthy food choices are some 
of the themes that have been explored through the use of nudges (Caris et 
al, 2018). Nudging has been thought to influence behavior based on 
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‘heuristics’ underlying non-compliance (Caris et al, 2018). Heuristics are 
decisional short-cuts which allow us to make decisions or judgements 
quickly (Caris et al, 2018) In this study “Nudging to improve hand hygiene”, 
a set of nudges were created by addressing biases and assessing their 
effect on alcohol-based hand rub, use to improve hand hygiene in a hospital 
(Caris et al, 2018). These nudges were put in images and slogans, and 
participants were asked open-ended questions on what they evoked (Caris 
et al, 2018). These nudges could only be effective if the image or slogan, 
evoked a connection and a reaction with hand hygiene (Caris et al, 2018). 
Nudging could provide an inexpensive and easily applied solution, when it 
comes to improving hand hygiene compliance (Caris et al, 2018) 
A study in London was executed in response to the H1N1 influenza 
pandemic virus of 2009 (Fakhry et al, 2012). Over an 8-month period, a pre 
and post-interventional study assessed multimodal interventions, aimed at 
improving hand hygiene (Fakhry et al, 2012). This includes the provision of 
alcohol-based hand rub, soap and water, education and evaluation and 
feedback of performance (Fakhry et al, 2012). Their goal was to create a 
non-expensive, fast-acting intervention in order to change the adherence of 
healthcare professionals to hand hygiene guidelines (Fakhry et al, 2012). 
After the H1N1 influenza Pandemic in New Zealand, hand sanitizer use rose 
from 18% and then dropped to 8%, four months later (Fakhry et al, 2012). 
This shows that once the hype for a certain pandemic ceases, so does hand 
hygiene practices.  
2.10 Fluorescent Dyes for Monitoring Hand Hygiene 
Fluorescent dyes, gels or lotions are useful and effective in the assessment 
of hand hygiene (Ragan, Khan, Zeynalova, McKernan, Baser and Muller, 
2012). These dyes minimize personal contamination, minimize work-
environment contamination and ensure proper cleanup through personal 
decontamination (Shmaefsky, 2002). UV dyes are suitable for the training 
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and monitoring of delicate work, such as the handling of radioactive 
materials (Shmaefsky, 2002). The dye’s presence is easily visible under UV 
light, as it illuminates a bright glow (Shmaefsky, 2002). Fluorescent dyes, 
such as fluorescein is toxic and is under strict regulation by the 
Environmental Protection Agency (EPA) (Shmaefsky, 2002).  
Although, substances such as fluorescent brighteners can be used safely 
and are found in commercially available products, such as laundry 
detergents, paper products and textiles (Shmaefsky, 2002). The safest dye 
to use, is Fluorescent Dye 28, also known as calcofluor, a fine yellow 
powder, which is commonly used in the histochemical analysis of living cells 
(Shmaefsky, 2002).  Calcofluor emits a bright blue glow of 400nm when 
illuminated with a 365-400nm UV light and is a great dye to use in the case 
of chemical spillage and contamination (Shmaefsky, 2002). GlitterbugTM 
and GloGermTM are two commercially available products that are used in 
the assessment of hand hygiene. GloGermTM is a commercially available 
product that comes in two forms; a white powder and an orange oil-based 
hand rub (Oberyszyn and Roberston, 2000). GloGermTM has been used to 
assess aseptic procedures in hospitals, industry, schools and restaurants 
(Oberyszyn and Roberston, 2000).  
A simulation method used by researchers in Taiwan, used a fluorescent 
substance in order to improve hand hygiene, through the concept of “Seeing 
is believing” (Pan et al, 2014). This simulation technique asked participants 
to rub their hands together with the fluorescent substance, wash their hands 
with water and place their hands under a UV detector (Pan et al, 2014). This 
type of simulation method can be used to provide a stress-free approach 
when it comes to improving healthcare providers hand hygiene, and 
individuals are visually aware of their incompetency, if any dye fluoresces 
under the presence of a UV detector (Pan et al, 2014).  
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There have been recent outbreaks of viruses like the Ebola virus, severe 
respiratory syndrome and Middle East respiratory syndrome (Drew, Turner, 
Mugele, Hasty, Duncan, Zaiser and Cooper, 2016). A study performed by 
researchers in Indiana, created a physical model for the spread of an Ebola-
like virus (Drew et al, 2016). A scenario was set up that used three 
computerized mannequins (Drew et al, 2016). The infected mannequins 
and surrounding surfaces were coated with GloGermTM (Drew et al, 2016). 
Using a UV lamp, they found that there was transfer to providers, other 
patients, nurses, family members and other treatment rooms (Drew et al, 
2016). 
In the United Kingdom, a study observed the comparison of glove donning 
techniques for the likelihood of gown contamination using GlitterbugTM as a 
surrogate for contamination (Newman, Bullock and Goyal, 2007). The 
interior of disposable gowns were coated with an UV luminescent cream, in 
order to see whether luminescence was present on the exterior of the gown, 
which suggested contamination (Newman et al, 2007). The same was done 
for the gloves. The staff members were not informed of the nature of the 
study, to ensure that they could maintain normal scrub habits (Newman et 
al, 2007). They found that 12 of the 13 individuals had ultraviolet 
fluorescence on the gowns, suggesting that almost all participants 
contaminated their gowns (Newman et al, 2007). 
2.11 Concluding Thought 
Hand hygiene is a critical practice to ensure the safety and prevention of 
healthcare associated infections. Good hand washing is the single most 
effective, superficially simple practice against horizontal transmission of 
pathogens. Healthcare professionals either have an unfavorable belief 
when it comes to hand hygiene, or generally, don’t care about hand hygiene, 
believe they are washing their hands correctly, when they aren’t, are non-
compliant or believe they are not at risk for spreading infections. By 
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changing these attitudes, beliefs, practices and non-compliance, the spread 
of HAI’s can be reduced. This may be achieved through simulation, in 
particular, the use of ultraviolet rubs to assess hand hygiene through the 
concept of “seeing is believing” (Pan et al, 2014). The overall goal will be to 
change the manner in which professionals see, feel and look at hand 
hygiene.  
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3  MATERIALS AND METHODS 
3.1 Study Design 
This study was an exploratory, descriptive and contextual research study 
that evaluated the handwashing efficiency of chiropractic interns and 
patients (control group) in the Doornfontein Chiropractic Clinic using 
GloGermTM as a surrogate for microbial pathogens. 
3.2 Sample Size and Selection 
The sample population (N=134) included all 1st and 2nd year chiropractic 
interns (n=65) working in the chiropractic clinic, on the Doornfontein campus 
(DFC) as well as patients (n=68) that visited the clinic. Census sampling 
was used so that each student working in the clinic could evaluate their own 
hand washing practices and get a better understanding of the importance 
of proper hand hygiene. Convenience sampling was used to invite patients 
(with no access to soap n=31; with access to soap n=37) to participate in 
the study. Patients were used as a control group because they were not 
informed of the proper hand washing practices that should be followed in 
previous studies done in the DFC clinic.  
3.3 Inclusion and Exclusion Criteria 
Participants that were selected, had to meet the criteria as outlined above. 
The interns and patients must have had no skin irritation related to the 
GloGermTM rub. This was tested by application of the product on a small 
part of the inner forearm. Participants were considered if they were 
comfortable having their hands photographed. 
Participants who had skin irritation or who were comfortable having their 
hands photographed were not considered for the study.  
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3.4 Study Procedures to Evaluate Hand Washing Practices using 
GloGermTM 
Chiropractic interns and their patients were provided with an information 
letter (Appendix A), consent form (Appendix B) and photograph consent 
form (Appendix C), in order to participate in the study. After agreeing to 
participate in the study the participants were given half a teaspoon of the 
GloGermTM rub to apply to their hands. An orange GloGermTM rub was used 
in the study as the microbial surrogate.  
This product was chosen because of its reported reliability in other studies, 
its affordability and availability (Figure 3.1). The trustworthiness and 
reliability of GloGermTM was proven by Lehotsky et al (2017) and was not 
retested for this project. 
Figure 3.1 GloGermTM rub used as surrogate for microbial pathogens 
during this study. 
Participants rubbed their hands together, as if they were applying hand 
cream, so that the rub was evenly distributed on their hands. The solution 
is clear under normal light but fluoresces when exposed to black lights 
(Appendix E).  
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The participant was instructed to wash their hands as they normally would. 
No instructions related to the use of soap, washing procedure or period of 
washing was given. All posters showing proper hand washing techniques 
were removed from the restrooms during this study.  
3.5 Visualization of GloGermTM 
A private room situated in the Chiropractic Clinic was set up with a black 
box containing two ultraviolet lights (Figure 3.2 top left). The black box was 
used to evaluate the extent to which the GloGermTM rub was removed. 
 
 
 
 
 
 
Figure 3.2 Demonstration of the black box used with the two black lights 
(top left) showing the two round holes covered with material 
(top right) used to insert the hands of the participant (bottom 
left) and to show them the extent of GloGerm™ presence 
before photos were taken (bottom right). 
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The box contained two circular holes in the front section, covered with a 
black drape to ensure that no light could enter (Figure 3.2 top right). These 
two holes allowed participants to place both of their hands into the box. One 
hole was situated on the top of the box for the camera to be inserted to take 
a picture of the participants hands (Figure 3.2 bottom left and right).  
The two cameras used during the study were a Canon7D Mark ii, Canon 
5D Mark iii. video). All pictures were converted into JPEG format. A 
Samsung Tablet was connected to the camera, which allowed participants 
to see the GloGermTM residue (Figure 3.2 bottom left). Photographs of the 
participants hands were taken in the anterior and posterior views to capture 
any residue points. These residue points were copied onto a Grid Hand 
Analysis form as described in the next section. Photographs of the female 
and male restrooms were taken to see if there was a visual spread of 
GloGermTM rub.  
3.6 Data Capturing and Analysis 
Photographs of participants hands in the anterior and posterior views were 
taken after the hand washing procedure was performed (Figure 3.3). 
Figure 3.3 Example of photographs taken of a participants’ hands in the 
anterior (right) and posterior (left) views. 
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The extent of fluorescence on the hands was captured onto the hand 
analysis forms (Figure 3.4; Appendix D) using white, blue, green, orange 
and red to illustrate the level of fluorescence as described in Appendix E to 
create “heat maps” of the hands. White meant no visual contaminant 
(fluorescence) was present, blue meant that a very light, almost pastel 
fluorescence was present, green meant a slightly more intense pastel 
fluorescence was present, orange meant a neon fluorescence was present 
and red meant a vivid orange-neon fluorescence was present. The data was 
transferred to Excel sheets to represent the percentage of coverage for 
each section of the hands as shown in Figure 3.5 accompanied with lists of 
abbreviations in Tables 3.1 and 3.2. 
Figure 3.4 Example of a scanned, completed hand analysis form of a 
participant, illustrating how data was captured for the posterior 
view. 
Data such as participant number, gender, age, whether the participant was 
a patient or intern and whether the intern was in their 1st or 2nd year was 
also included in the Excel sheet for statistical analysis, to identify trends and  
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Figure 3.5 Positions on posterior (top) and anterior (bottom) aspect of the 
hands used to report the fluorescence on the hands. In all 
cases, PV refers to “Posterior view”, AV refers to “Anterior 
view” _l refers to the left hand and _r to the right hand.
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Table 3.1 Abbreviations used in Figure 3.5 to describe the areas on the posterior aspect of the hand. In all case PV refers to 
“Posterior view”, _l refers to the left hand and _r to the right hand 
Abbreviation Meaning Abbreviation Meaning Abbreviation Meaning 
PVWPM wrist proximal medial W5 Web 5 D4L1 Digit 4 line 1 
PVWPL wrist proximal lateral TN Thumb nail D4L2 Digit 4 line 2 
PVWPC wrist proximal central TNC Thumb nail crease D5DP Digit 5 distal phalanx 
PVWDM wrist distal medial TPP Thumb proximal phalanx D5MP Digit 5 middle phalanx 
PVWDL  wrist distal lateral TDP Thumb distal phalanx D5PP Digit 5 proximal phalanx 
PVWDC wrist distal central D2DP Digit 2 distal phalanx D5L1 Digit 5 line 1 
L1 Line 1 D2MP Digit 2 medial phalanx D5L2 Digit 5 line 2 
L2 Line 2 D2PP Digit 2 proximal phalanx D2NC Digit 2 nail crease 
L3 Line 3 D2L1 Digit 2 line 1 D2N Digit 2 nail 
K2 Knuckle 2 D3DP Digit 3 distal phalanx D3NC Digit 3 nail crease 
K3 Knuckle 3 D3MP Digit 3 middle phalanx D3N Digit 3 nail 
K4 Knuckle 4 D3PP Digit 3 proximal phalanx D4NC Digit 4 nail crease 
K5 Knuckle 5 D3L1 Digit 3 line 1 D4N Digit 4 nail 
W1 Web 1 D3L2 Digit 3 line 2 D5NC Digit 5 nail crease 
W2 Web 2 D4DP Digit 4 distal phalanx D5N Digit 5 nail 
W3 Web 3 D4MP Digit 4 middle phalanx   
W4 Web 4 D4PP Digit 4 proximal phalanx   
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Table 3.2 Abbreviations used in Figure 3.6 to describe the areas on the anterior aspect of the hand. In all cases, AV refers 
to “Anterior view”, _l refers to the left hand and _r to the right hand. 
Abbreviation Meaning Abbreviation Meaning Abbreviatio
n 
Meaning 
AVWM wrist medial D2MP Digit 2 middle phalanx D4MP Digit 4 middle phalanx 
AVWL wrist lateral D2PP Digit 2 proximal phalanx D4PP Digit 4 proximal phalanx 
AVH Hypothenar D2L1 Digit 2 line 1 D4L1 Digit 4 line 1 
AVT thenar D2L2 Digit 2 line 2 D4L2 Digit 4 line 2 
AVPL1 palm line 1 D2L3 Digit 2 line 3 D4L3 Digit 4 line 3 
AVPL2 palm line 2 D3DP Digit 3 distal phalanx D5DP Digit 5 distal phalanx 
AVPL3 palm line 3 D3MP Digit 3 middle phalanx D5MP Digit 5 middle phalanx 
TDP Thumb distal phalanx D3PP Digit 3 proximal phalanx D5PP Digit 5 proximal phalanx 
TPP Thumb proximal 
phalanx 
D3L1 Digit 3 line 1  D5L1 Digit 5 line 1 
AVTL1 thumb line 1 D3L2 Digit 3 line 2 D5L2 Digit 5 line 2 
AVTL2 thumb line 2 D3L3 Digit 3 line 3 D5L3 Digit 5 line 3 
D2DP Digit 2 distal phalanx D4DP Digit 4 distal phalanx   
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compare the areas of hand and the extent to which fluorescence was 
present. Statistical analysis was performed by a statistician from STATKON 
using SPSS 25. Statistical tests including, but not limited to, the Mann-
Whitney 𝑈 test and Wilcoxon Signed Ranks test were used to test the 
significance of the difference between the different areas, and intensities of 
fluorescents after hand washing. The Mann-Whitney 𝑈 test tests two sample 
groups from the same population and was used to compare differences 
The Wilcoxon signed rank test (also called the Wilcoxon signed rank sum 
test) is a non-parametric test which compares your sample median against 
a hypothetical median. The choice of this statistical test is appropriate for 
studies with a small sample size and when the variables of interest do not 
show normal distribution. 
Statistical significance according to Pearson Chi-square was set at ρ-values 
of (p<0.05). The relationship of variables, according to Cramer’s V show 
that 0.1 indicates a weak relationship amongst variables, 0.3 indicates a 
moderate relationship amongst variables and 0,5 indicates a strong 
relationship amongst variables. 
The data from STATKON showed that there was statistical significance 
according to the genders, availability of soap, whether the participant was 
a patient or intern and whether the intern was in 1st or 2nd year. The data 
was used to draw pictures in Microsoft PowerPoint V10 (Figure 3.6) to 
demonstrate the percentage of participants that had fluorescence at 
specific anatomical areas on the hands and if the occurrence was 
statistically significant when a variable was compared between groups of 
participants (Figure 3.7). 
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Figure 3.6 Shows the colour-grading system used to illustrate the 
percentage of fluorescence of GloGermTM presence (left), the 
method used to compare variables and how statistical 
significance was indicated on the hand drawings. 
 
 
 
 
 
 
 
Figure 3.7 Example of how the data was represented for the presence of 
fluorescence, and statistical significance, on the hands using 
the colour system shown in Figure 3.6. 
3.7 Ethical Considerations  
All participants that agreed to participate in this study were requested to 
read the information form (Appendix A) and sign the consent form 
(Appendix B). The information letter outlined the purpose of the study, 
Statistical 
Significance 
Variable 2 Variable 1 
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describe any risks, benefits and discomforts pertaining to the testing 
involved to ensure that the participant is safe. The information and consent 
form explained that the participant’s privacy will be protected by ensuring 
their anonymity and confidentiality when compiling the research 
dissertation. The participants were informed that their participation was on 
a voluntary basis and that they were free to withdraw from the study. If the 
participant had any further questions, the questions were explained by the 
researcher. The participants were requested to sign the consent form to 
participate in the study (Appendix B) as well as the consent to photos of 
their hands (Appendix C). Results of the study were made available on 
request. Permission to perform research on interns was obtained from Prof. 
Fourie (Appendix F). Approval for this study was obtained from the Higher 
Degrees Committee (HDC-01-35-2018; Appendix G) and Research Ethics 
Committee (REC-241112-035; Appendix H) of the Faculty of Health 
Sciences, University of Johannesburg. This research has been submitted to 
anti-plagiarism software (Turnitin) and scored 15% similarity (Appendix Q). 
  
 
 
 
40 
4  RESULTS 
4.1 Introduction  
This chapter presents the findings, analyses and observations based on the 
data collected by the researcher. This chapter aims at giving an 
understanding of the hand hygiene practices of Chiropractic interns using 
GloGermTM as a surrogate for microbial pathogens. Analysis in this chapter 
will include comparisons between 1st and 2nd year chiropractic interns, 
intern’s vs patients, access to soap and gender. The left vs right and the 
anterior vs posterior views of the hands will be compared according to the 
groups and the results will focus on the highest area of coverage linked to 
possible statistical significance.  
Table 4.1 Summary of the patient and intern participant number and 
gender distribution. 
  Group variable 
Description Total 1st year intern 2nd year intern 
Number of interns 65   
Male 19 7 12 
Female 46 23 23 
  Access to soap No access to soap 
Number of patients 68   
Male 14 7 21 
Female 23 24 47 
 
The reader must note that the left hand is always shown on the left and the 
right hand is always shown on the right of the figures when comparing 
GloGermTM coverage on the hands. The data will always be compared as 
shown in Figure 3.7 and the colour coding scale will always be included as 
an easy guideline. 
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4.2 Comparison between Chiropractic Interns Hand Washing 
Efficiency 
The results are presented in two sections covering the posterior and anterior 
view comparisons for the 1st and 2nd year Chiropractic interns (Figure 4.1 
and Figure 4.2). The results showed a high number of anatomical points 
that were statistically significant and were highlighted in the next sections. 
4.2.1 Posterior View for the 2nd and 1st year Interns’ Hands 
There was a difference in the percentages for GloGerm™ coverage on the 
2nd and 1st year interns’ hands following hand washing (Figure 4.1). The 1st 
year interns (when comparing every anatomical point together) had a higher 
percentage of GloGerm™ coverage compared to the 2nd year interns. The 
posterior view had a higher percentage of GloGermTM coverage as a whole 
(with every anatomical point concerned), compared to the anterior side. 
The first statistically significant area was the left-hand-side proximal wrist 
with a p-value for the lateral wrist at (P=0.018) and the central wrist at 
(P=0,051) (Figure 4.1 left hand). Although the percentage of GloGermTM 
coverage for the proximal wrist wasn’t as high as the distal wrist, there were 
some interns who did show coverage in this area. The right-hand wrist 
showed a higher percentage of GloGermTM coverage than the left-hand side 
wrist for both groups (Figure 4.1 on the right). 
The p-values for the web of hands on the 2nd (P=0.025), 3rd (P=0.022) and 
the 4th (P=0.015) web on the right-hand-side, showed statistical 
significance, for both 1st and 2nd year interns (Figure 4.1 on the right). As a 
whole, there was a higher percentage of GloGermTM coverage (purple dots) 
found on the webs of the participants’ hands on the left-hand-side than on 
the right-hand-side (Figure 4.1 on the left). The 1st year interns showed a 
higher GloGermTM coverage on the webs of the hands than the 2nd year 
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interns. The thumb area, thumb proximal phalanx and web 1 showed high 
areas of coverage on both sides, for both 1st and 2nd year interns.  
 
Figure 4.1 Comparison of the posterior view of the 1st (right dot) and 2nd 
(left dot) year Chiropractic interns’ hands. The key for 
comparison is shown in the figure. 
The third area of interest were the knuckles where both groups had a high 
GloGermTM coverage (mostly above 70% percentage of GloGermTM 
coverage). This may show that improper hand washing was followed 
according to the World Health Organisations guidelines (WHO, 2009). 
Knuckle 3 on the right hand had the highest statistical significance 
compared to the other knuckles, with a p-value of (P=0.001). This may 
suggest that there may be hand-dominance reasons for this finding, as the 
left hand had lower percentages of GloGermTM on the anatomical points 
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compared to the right hand (Figure 4.1 on the left). Knuckle 3 on the right 
also had the highest percentage of GloGermTM coverage gap between 2nd 
and 1st year interns, suggesting that the 1st year interns may have washed 
their hands less effectively than the 2nd year interns. 
The fourth area of interest was the fingers of the 2nd and 1st year interns, 
which showed statistical significance with p-values ranging between 
(P<0.069) and (P<0.000). The 1st year interns held a higher percentage of 
GloGermTM coverage compared to the 2nd year interns, with the right-hand-
side showing more statistically significant results and a higher percentage 
of GloGermTM coverage on the fingers than, on the left-hand-side (Figure 
4.1 on the right). Digit 2 Proximal Phalanx on the right hand is an area where 
rings are typically worn on the hand and it was observed that some interns 
did not remove their rings during the study, not even when they were 
washing their hands.  
On the photographs taken during the study, GloGermTM rub was visible on 
some of the jewellery and this, may suggest that some of the interns may 
have not deemed it necessary to remove all jewellery when washing their 
hands (particularly seen in the 1st year intern group).  
4.2.2 Anterior View for the 2nd and 1st Year Interns’ Hands 
The 1st year interns had a higher percentage of GloGermTM coverage than 
the 2nd year interns on the anterior view of their hands (Figure 4.2). 
Specifically, the palm line 1 on the left was statistically significant with a p-
value of (P=0.002) and this particular area features as the highest 
percentage of GloGermTM coverage for both groups (1st and 2nd year 
interns) than any other palmar line surface on the left and right-hand. This 
may suggest that although the participants are washing the left hand better, 
it does not mean that each particular area concerned, is covered during the 
hand washing procedure. 
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Figure 4.2 Comparison of the anterior view of the 1st and 2nd year 
Chiropractic interns’ hands. The key for comparison is shown 
in the figure. 
The wrists had the highest percentage of GloGermTM coverage than any 
other area in the anterior view (Figure 4.2).  The reason for the wrists having 
the highest percentage of GloGermTM coverage may be because of the 
failure to remove jewellery and watches before washing hands. The same 
can be seen in the posterior view, where individuals failed to remove 
jewellery and watches. Almost all the fingers’ anatomical points were 
statistically significant with a p-value ranging between (P<0.032) and 
(P<0.000), with high percentages of GloGermTM coverage. 
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4.3 Comparison for the Influence of Soap on Hand Washing 
Efficiency 
The results are presented in two sections covering the posterior and anterior 
view comparisons for the participants who had access to soap while 
washing their hands compared to those who had no access to soap when 
washing their   hands (Figure 4.3 and Figure 4.4). There was a total of 134 
participants of which, 103 had access to soap and 31 did not have access 
to soap. 
When comparing the anterior and posterior view, as a whole, the posterior 
side of the hands had a higher percentage of GloGermTM coverage. When 
the individual anatomical points are considered, the results showed that a 
high number of anatomical points were statistically significant between the 
groups and are highlighted in the next sections (Figure 4.3 and Figure 4.4).  
4.3.1 Posterior View for the Influence of Soap 
A high percentage of GloGermTM coverage was seen on most anatomical 
points whether the participants had access to soap or not (Figure 4.3). 
Participants with no access to soap generally had a higher percentage of 
GloGermTM coverage than those with access to soap.  
Reasons for this may relate to hand washing procedure undertaken and the 
lack of soap to remove the GloGermTM rub. The washing technique 
performed shows that inadequate care was taken to ensure that every part 
of the hands was washed properly, on the posterior aspect, even for those 
who did have access to soap.  
Almost all areas of the wrist were statistically significant with p-values 
ranging between (P<0.045) and (P<0.03) with high percentages of 
GloGermTM coverage on the left and right-hand-side.  
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The distal wrist on the right and left-hand-side both showed a higher 
GloGermTM coverage than the proximal wrist. This may be due to the fact 
that the participants did not roll up their sleeves and failed to remove 
watches and jewellery when the hand washing procedure was performed. 
 
Figure 4.3 Comparison in the posterior view between participants who 
had access to soap and participants who had no access to 
soap The key for comparison is shown in the figure. 
All lines of the hands were statistically significant on the right and left-hand-
side with p-values ranging between (P<0.003) and (P<0.001), with the right-
hand-side line of hands showing a higher GloGermTM percentage of 
coverage than the left-hand-side line of hands (Figure 4.3 on the right).  
The thumb showed statistical significance for all points on the right-hand-
side with p-values ranging between (P<0.022) and (P<0.003). Almost all 
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anatomical points on the fingers, finger nails and nail creases of the digits 
2, 3, 4 and 5 showed statistical significance with p-values ranging between 
(P<0.042) and (P<0.001). The thumb area, web 1 and thumb proximal 
phalanx on the left-hand-side, showed the highest range of GloGermTM 
coverage compared to the right-hand-side (Figure 4.3 on the left)  
4.3.2 Anterior View for the Influence of Soap 
The wrists on both the left and right-hand-side showed the highest 
percentage of GloGermTM coverage than any other anatomical point in the 
anterior view (Figure 4.4).  
 
Figure 4.4 Comparison in the anterior view between participants who had 
access to soap and participants who had no access to soap. 
The key for comparison is shown in the figure. 
Those with access to soap had lower percentages of GloGermTM coverage 
compared to those who didn’t have access to soap. All the palm lines 
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showed statistical significance on the left and right-hand-side with p-values 
ranging between (P<0.033) and (P<0.002). Reasons for this particular area 
(the palm lines) having significance, especially for those without access to 
soap, may have been because these lines form crevices where the 
GloGermTM rub can “burrow” itself in, making it harder to remove from the 
hands, through hand washing.  
All anatomical points for fingers (digits) on the left and right-hand-side 
showed statistical significance with p-values ranging between (P<0.026) 
and (P<0.001). The lower quarter of finger (digit) 4 and 5 on both the right 
and left-hand-side showed high percentages of GloGermTM coverage for 
those who had no access to soap.  
4.4 Comparison between Chiropractic Interns and Patients Hand 
Washing Efficiency 
The results were presented in two sections covering the posterior and 
anterior view comparisons for Chiropractic interns and patients (Figure 4.5 
and Figure 4.6). The interns had lower percentages of GloGermTM coverage 
compared to the patients, as a whole (when comparing every anatomical 
point together).  
4.4.1 Posterior View for Chiropractic Interns and Patients 
The posterior view had a higher percentage of GloGermTM coverage as a 
whole (when comparing every anatomical point together) compared to the 
anterior view (Figure 4.5). Only a few points were significantly significant on 
the right-hand only with p-values ranging between (P<0.046) and (P<0.002) 
(Figure 4.5 on the right).  
The Chiropractic interns had a lower percentage of GloGermTM coverage on 
the anatomical points than the patients, suggesting that they washed their 
hands better than the patients. The distal wrist had a higher percentage of 
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GloGermTM coverage compared to the proximal wrist for both patients and 
interns. The webs of the hands, finger nail creases, thumb areas and thumb 
proximal phalanx’s showed high coverage percentage of GloGermTM on 
both the left and right-hand-side, for Chiropractic interns and patients. 
 
Figure 4.5 Comparison in the posterior view between Chiropractic 
interns and patients. The key for comparison is shown in the 
figure. 
4.4.2 Anterior View for Chiropractic Interns and Patients 
The 1st year interns showed a higher percentage of GloGermTM coverage 
compared to the 2nd year interns (Figure 4.6). The wrists showed the highest 
percentage of GloGermTM coverage for both Chiropractic interns and 
patients. 
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All fingers showed statistical significance with p-values ranging between 
(P<0.049) and (P<0.001), particularly the fourth digit along its proximal 
phalanx on the left-hand-side with a p-value of (P=0.006) (Figure 4.6 on the 
left). The patients had a higher percentage of GloGermTM coverage 
compared to the Chiropractic interns (shown as a red dot on the left in 
Figure 4.6). The thumb of the patients showed a higher percentage of 
GloGermTM coverage compared to the Chiropractic interns. This particular 
area is where rings are worn and could suggest that these were not 
removed when the participants washed their hands.  
 
Figure 4.6 Comparison in the anterior view between Chiropractic interns 
and patients. The key for comparison is shown in the figure. 
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4.5 Comparison between Males and Females without Access to Soap 
Hand Washing Efficiency 
The results are presented in two sections covering the posterior and anterior 
view comparisons for males without access to soap and for females without 
access to soap (Figure 4.7 and Figure 4.8). The results showed a high 
percentage of GloGermTM coverage for the anatomical points, comparing 
males and females without access to soap.  The posterior view had a higher 
percentage of GloGermTM coverage compared to the anterior view, when 
comparing all anatomical points as a whole. 
4.5.1 Posterior View for Males and Females without Access to Soap 
Majority of all anatomical points on the hands had a high GloGermTM 
coverage percentage of over 81% (this percentage refers to the colour-
coding key shown in the figure). A few points were in the range of 61-80% 
(this percentage refers to the colour-coding shown in the Figure 4.7) of 
GloGermTM coverage on the left and right hand.  
Two points showed a 0-20% (this percentage refers to the colour-coding 
key shown in the figure) GloGermTM coverage on the left hand (Figure 4.7 
on the left). Although the range of the percentages for GloGermTM coverage 
were very close in the posterior view, male participants still showed a higher 
percentage of GloGermTM coverage compared to female participants. 
4.5.2 Anterior View for Males and Females without Access to Soap 
The male participants had a higher percentage of GloGermTM coverage on 
almost all anatomical points of the hands, compared to female participants 
(Figure 4.8). Although, the wrists of the female participants showed a higher 
GloGermTM coverage than the males’ wrists. This may show that females 
may wear more jewellery and watches compared to males and may have 
also failed to remove these articles when hand washing was performed 
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which in turn, may have contaminated these articles. Digit 4 for male 
participants on the left and right hands had a high GloGermTM coverage for 
digit 4 proximal phalanx on the right and digit 4 line 2 on the left. 
 
 
Figure 4.7 Comparison in the posterior view between males with no 
access to soap and females with no access to soap. The key 
for comparison is shown in the figure. 
4.6 Comparison between Males and Females with Access to Soap 
Hand Washing Efficiency 
The results are presented in two sections covering the posterior and anterior 
view comparisons for males with access to soap and females with access 
to soap (Figure 4.9 and Figure 4.10). The posterior view had a higher  
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Figure 4.8 Comparison in the anterior view between males with no 
access to soap and females with no access to soap. The key 
for comparison is shown in the figure. 
percentage of GloGermTM coverage on almost all the anatomical points 
compared to the anterior view. For this comparison 103 individuals had 
access to soap and 31 had no access to soap. 
4.6.1 Posterior View between Males and Females with Access to Soap 
The left-hand-side yielded more statistical significance than the right-hand-
side (Figure 4.9) with p-values ranging between (P<0.043) and (P<0.007). 
The male group had a higher percentage of GloGermTM coverage than the 
female group in the posterior view, of both hands.     
The distal wrists showed a higher GloGermTM coverage than the proximal 
wrist, on the left and right-hand-side, for both male and female participants. 
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The nail and nail creases for both hands had a high GloGermTM coverage 
whether the participant was male or female. 
 
Figure 4.9 Comparison in the posterior view between males with access 
to soap and females with access to soap. The key for 
comparison is shown in the figure. 
4.6.2 Anterior View for Males and Females with Access to Soap 
The wrists of the male and female participants with access to soap showed 
a high percentage of GloGermTM coverage compared to any other 
anatomical points on the hands (Figure 4.10). Male participants, as a whole, 
had a higher percentage of GloGermTM coverage over the anterior aspect 
of the hand compared to the female participants. 
 
 
 
55 
 
Figure 4.10 Comparison in the anterior view between males with access 
to soap and females with access to soap. The key for 
comparison is shown in the figure. 
4.7 Comparison Between the Total Number of Male and Female 
Participants 
The results are presented in two sections covering the posterior and anterior 
view comparisons for the total number of male and total number of female 
participants in the study (Figure 4.11 and Figure 4.12). Male participants 
had higher percentages of GloGermTM coverage on almost every 
anatomical point, compared to female participants. The posterior view had 
a higher percentage of GloGermTM coverage compared to the anterior view. 
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4.7.1 Posterior View for the Total Number of Male and Female 
Participants 
Male participants had a higher percentage of GloGermTM coverage 
compared to female participants as a whole, on the left and right hands 
(Figure 4.11). when comparing the total number of male and female 
participants.  
 
Figure 4.11 Comparison in the posterior view between the total number of 
male and the total number of female participants. The key for 
comparison is shown in the figure. 
The right hand held a higher percentage of GloGermTM coverage around 
than wrist, than the left-hand-side. The distal wrist had a higher percentage 
of GloGermTM coverage compared to the proximal wrist, on both the left and 
right-hand-side.  
 
 
 
57 
The web of hands, thumb nail creases, thumb proximal phalanxes and 
thumb areas on both the left and right-hand side, showed a high coverage 
percentage for both male and female participants. The finger nails and nail 
creases too showed a high percentage of GloGermTM coverage for every 
finger, for both male and female participants. 
4.7.2 Anterior View for the Total Number of Male and Female 
Participants 
The wrists of male and female participants showed a high percentage of 
GloGermTM coverage compared to any other anatomical points on the 
hands, in the anterior view (Figure 4.12).  
 
Figure 4.12 Comparison in the anterior view between the total number of 
males and the total number of females participants. The key 
for comparison is shown in the figure. 
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4.8 Summary  
Every anatomical area concerned in the study, had presence of GloGermTM 
rub. For almost all participants concerned, the posterior view (PV) had a 
higher percentage of coverage than the anterior view (AV). 
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5  DISCUSSION, RECOMMENDATIONS AND CONCLUSION 
5.1 Introduction 
This study’s purpose was to assess the hand washing practices of 
chiropractic interns using GloGermTM as a surrogate for microbial 
pathogens. Patients were invited to participate in the study as a control 
group. GloGermTM rub is a safe, effective, non-irritating and affordable 
product to assess hand hygiene compliance (Shmaesfky, 2002). 
GloGermTM has been described as an effective tool for hand hygiene 
education in hospitals, industry, restaurants and schools (Oberyszyn and 
Roberston, 2000). 
Hand hygiene is particularly important when it comes to safe and effective 
interactions with patients (Beggs et al, 2009). But many a time, poor and 
incorrect hand washing practices are practiced. At first, campaigns to 
improve hand hygiene work, but seem to decline overtime, and are 
especially influenced by the presence of auditors (Gould et al, 2017). Hand 
hygiene refers to different scenarios involving hand washing or cleansing of 
the hands (Kingston et al, 2017). This can either be through the use of soap 
and water or the use of alcohol-based hand-rubs. In acute care settings, 
hand washing compliance rates are low, despite the fact that there may be 
multiple interventions in place, to combat the low compliance rates 
(Jammali-Blasi, McInnes and Middleton, 2016). 
The World Health Organization recommends that an individual should be 
educated on the correct hand washing procedure, have workplace 
reminders pertaining to hand hygiene and managerial support involving 
hand washing (Gould et al, 2017).  If healthcare workers regularly practice 
safe and effective hand hygiene, then, the risk of contracting HAI’s 
(healthcare associated infections) may decrease (Beggs et al, 2009).  
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Insufficient hand hygiene practices were clearly visualised in this study. This 
was achieved visually as interns could see the residue of GloGermTM 
fluoresce under the black light. This form of simulation used was successful 
as it showed interns that even if they believe they are washing their hands 
properly, they are not. This may be because the duration of hand washing 
may have been too short to effectively clean all areas of the hands (De 
Alwis, Pakirisamy and Xiaofen 2012). Many participants were shocked by 
the amount of GloGermTM fluorescence present after they washed their 
hands, as they truly believed that no GloGermTM residue would show. This 
could be seen by participants facial expressions and verbal remarks during 
the study. 
5.2 Important Areas of Hands that showed GloGermTM when the Hand 
Washing Procedure was Performed 
5.2.1 Posterior View and Anterior View 
The anterior view (palmar surface) of the hands was washed better than the 
posterior view (top of the hand). This may be because individuals focus on 
washing the inside of the hands better than the outer surface. The coverage 
percentage of GloGermTM was higher on the posterior view when comparing 
2nd year interns and 1st year interns, interns and patients, males and females 
and the influence of soap. 
5.2.2 Hand Dominance 
For patients and interns, the left hand was washed better than the right hand 
for most of the anatomical areas on the hands. This may show that hand 
dominance plays a role in hand hygiene. An improvement in hand washing 
of both hands may need to be achieved in order for individuals to wash their 
hands better (WHO, 2009).  
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5.2.3 Wrist  
The distal wrist showed a higher coverage percentage for almost all 
participants involved, suggesting that it is an area, often missed, during 
hand washing practices. In some instances, the left-hand-wrist may have 
been washed better than the right-hand-side wrist. Reasons for this may be 
because of the side that watches or jewellery are worn, hand washing 
practice and an overall hand-dominant washing regime. Having no access 
to soap may exacerbate the fact that more GloGermTM residue was found 
on the hands of participants with no access to soap. 
5.2.4 Web of Hands 
The web of hands showed a large coverage percentage of GloGermTM 
residue for a lot of participants. This is probably related to the hand washing 
technique undertaken by the majority of participants, whether they are male 
or female, are an intern in 2nd or 1st year, are an intern or patient or whether 
they had access to soap or not. 
5.2.5 Fingers  
The fingers proved to be a problematic area for participants regardless of 
whether they had access to soap or not, whether they were male or female, 
whether they were 1st or 2nd year interns or whether they were patients. 
Rings were not removed during the study, and those participants that said 
they did remove their rings, did not wash their hands adequately. In 
photographs of the participants hands, rings had GloGermTM. residue on 
them, suggesting that they either did not remove their rings during the study 
or, they did remove their rings, but may have re-contaminated their rings, 
by failing to remove GloGermTM rub from the hands after hand washing.   
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5.2.6 Nails and Nail Creases 
Like the fingers, the nails and nail creases showed a high coverage 
percentage, which may be due to the hand washing technique performed. 
In Pan et al (2014) research study, the highest number of coverage 
percentage was seen under the tips of the nails and the fingertips. Patients 
and interns, and especially patients without access to soap, seemed to have 
a high coverage percentage for GloGermTM residue in these areas.  
5.2.7 Thumb 
The thumb showed quite high percentages of coverage for a lot of the 
participants, in the posterior view. It may be assumed that this may be 
because of the hand washing techniques performed, during the study 
5.3 Discussion for 2nd and 1st year Interns 
The 2nd year interns washed their hands better than the 1st year interns, as 
a whole. This may be due to the time spent learning the correct hand-
washing procedure from previous studies carried out by the University of 
Johannesburg, the clinical experience and general awareness of patient 
protection.  
Reasons for this could also be hand washing inexperience, less clinical 
experience when it comes to hand hygiene, non-compliance and 
complacency. Student interns may have believed that their hand washing 
procedure was sound, but this in fact, was not the case. During the study, 
many were shocked by the amount of fluorescence still present on their 
hands, after hand washing. This could be seen by participants facial 
expressions and verbal remarks during the study. This may mean that the 
interns think they are washing their hands properly, when in fact, they aren’t. 
The correct hand washing procedure may even be followed incorrectly. 
According to Pan et al (2014) even if healthcare workers were to improve 
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the amount of times, they wash their hands, the incorrect hand washing 
technique may mean that individuals are not covering every part of the 
hands, as they should (Pan et al, 2014). Interns are not covering every area 
of the hands, particularly the fingers, distal wrist (where watches may have 
been kept on or sleeves were not pulled up), knuckles and the webs of 
hands on the back and front of the hands.   
2nd year interns had more knowledge and spent more time around hand 
washing, than the 1st year interns. This could be why the coverage and 
presence of GloGermTM rub was so much higher amongst the 1st year 
interns. 
On the anterior view, the wrist on both the left and right hands showed the 
highest coverage percentage than on any other area of the hands, in this 
view. Looking at the distal wrist on the posterior view and the wrist on the 
anterior view, a very high coverage percentage of GloGermTM is observed. 
This is the area where individuals wear watches and bracelets, suggesting 
that there may have been no removal of these items, when the individuals 
washed their hands. This can be proved by the fact that those who did wear 
watches, bracelets, or rings did not pull their sleeves up, or remove these 
items during the study, and as a result showed florescence of GloGermTM 
rub on the hands and items. According to the World Health Organization, 
nurses, doctors and other healthcare workers should remove all jewellery, 
pull up their sleeves and should not wear artificial nails when interacting with 
patients (White, 2013). 
5.4 Discussion for Access to Soap 
Those with access to soap washed their hands much better than those 
individuals who had no access to soap. The reason for the high percentage 
of coverage for those with no access to soap could be because: GloGermTM 
is an oil-based rub. (Oberyszyn and Roberston, 2000). When oil is washed 
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off with just water alone, it may be harder to remove from the hands. This is 
because water molecules are attracted to each other and are polar, 
whereas, oil and water molecules are not attracted to one another because 
oil is non-polar (Roberto, 2017). Also, oil is less dense than water and will 
cling to the surface of the skin rather than come off when water is added. 
Soap acts as a “surfactant” which makes some of the properties of soap the 
same as oil and the same as water, which mixes the solution and creates 
an emulsion (Roberto, 2017). Therefore, those that had no access to soap 
had a harder time washing off the GloGermTM rub than those with access to 
soap. This is because when a detergent like soap is added to the hands, it 
is attracted to both oil and water molecules and becomes hydrophobic 
(clings to oil) and hydrophilic (clings to water). Thus, an emulsion is created 
which allows the oil molecules to be lifted off the hands, and thus, more 
GloGermTM is removed. The palm line of the hands creates little crevices 
where the GloGermTM rub can “burrow” itself, making it even harder to 
remove, because it is oil-based.  
Regardless of this fact, those who had access to soap should have been 
able to remove the GloGermTM rub, and if they could not, the incorrect hand 
washing procedure was followed. This shows how particularly important it 
is for interns to use soap when washing their hands as, Arnica Oil is used 
to treat patients in the University of Johannesburg Chiropractic Clinic, 
Doornfontein Campus (DFC) quite often, so extra care has to be taken in 
order to prevent soiled hands. The oil will also trap microorganisms making 
it even harder to remove pathogens from the hands. 
5.5 Discussion for Patients and Interns 
The interns washed their hands better than the patients (control group) and 
although this is an expected outcome, it was still interesting to observe that 
some patients did in fact, wash their hands better than some interns. The 
interns have better experience and knowledge pertaining to hand hygiene. 
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For those patients that did wash their hands very well, they may have had 
some experience in performing the correct hand washing procedure which 
could be influenced by the field of work they were in (restaurants, food 
business, beauty therapists and school teachers, for example). 
The intern participants attended educational drives involving hand hygiene 
and were aware of the correct hand washing procedure. Even though the 
interns washed their hands better than the patients, they still did not wash 
their hands well enough. There is much speculation as to why this is the 
case in the University of Johannesburg Chiropractic Clinic, Doornfontein 
Campus (DFC). Self-reported views from the interns during the study 
included the belief that their hand washing procedure was good when it was 
not,  their possible lack of care when it comes to hand hygiene, their belief 
that it is rare to cause infections in patients related to poor or ineffective 
hand washing, the pressure for time to wash their hands effectively by 
removing jewellery or watches and taking the time to wash their hands 
properly, their complaint of access to the sinks and soap in the bathrooms 
that were located too far away from the treatment rooms, failing to 
remember  to wash their hands between patients and a possible generally 
complacent view on hand washing, as a whole.  
5.6 Discussion for Males and Females 
Male participants had a higher percentage of GloGermTM coverage, as a 
whole (with the total number of anatomical points concerned) compared to 
the female participants. Whether males had access to soap or not, they still 
yielded higher percentages of GloGermTM coverage compared to female 
participants. This may be because female participants wash their hands 
more often and may take more time to cover areas of the hands, compared 
to male participants (van de Mortel, Bourke, Mcloughlin, Nonu and Reis, 
2001). A study investigated the hand washing rates amongst healthcare 
workers (HCW’s) according to gender (van de Mortel et al, 2001). Through 
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covert observation, HCW’s hand washing and patient interaction was 
observed (van de Mortel et al, 2001). The results showed that female 
HCW’s washed their hands significantly more often than their male 
colleagues, after patient contact (van de Mortel et al, 2001).  
5.7 Recommendations Regarding Future Studies 
• A better visual representation of hand comparisons may be useful as it 
is hard to visualize what hand was washed better as a whole, than 
focusing on particular areas. 
• Ensuring equal numbers of genders are compared may be more useful 
in order to accurately see if hand washing techniques differ amongst 
gender 
• Extending the study to qualified chiropractors may be useful in order to 
see if qualified professionals are practicing safe and effective hand 
hygiene  
• Invite more participants who are left-hand dominant to compete in 
future studies to see whether hand dominance plays a role in effective 
hand washing  
5.8 Conclusion of Study 
In conclusion, the study was able to show that using GloGermTM as a 
surrogate for microbial pathogens, the hand washing practices of 
chiropractic interns could be observed. 
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APPENDIX A INFORMATION LETTER 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION SHEET 
May 2018 
Good Day 
My name is Sian Fuller I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research study 
on Evaluating Chiropractic Students’ Hand Washing Practices Using GloGermTM as a 
Surrogate for Microbial Pathogens. Before you decide on whether to participate, I would 
like to explain to you why the research is being done and what it will involve for you. I will 
go through the information sheet with you and answer any questions you have. This 
should take about 10 to 20 minutes. The study is part of a research project being 
completed as a requirement for a Master’s Degree in Chiropractic through the University 
of Johannesburg. 
THE PURPOSE OF THIS STUDY is to evaluate Chiropractic Interns hand washing practices 
through the use of a product called GloGermTM. Through the use of a UV light, the 
participant and researcher will be able to observe areas of the hands that still carry 
GloGermTM residue. 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read 
through these. If you have any further questions, I will be happy to answer them for you.  
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DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate 
in the study. I will describe the study and go through this information sheet. If you agree 
to take part, I will then ask you to sign a consent form.  
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE?  
You will be the only participant in the study. The study will take place over a period of two 
weeks. The inclusion criteria must be met to partake in this study and you must not have 
any allergies to the GloGermTM product. You will be required to sign all consent forms as 
well as the information form to participate in the study. 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to 
participate, you are free to withdraw your consent at any time without giving a reason 
and without any consequences. If you wish to withdraw your consent, you must inform 
me as soon as possible. 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT DUE 
TO ME: You will not be paid to take part in this study and you will not bear any costs 
either. 
RISKS INVOLVED IN PARTICIPATION: The possible risks include an allergic reaction to the 
GloGerm product. 
BENEFITS INVOLVED IN PARTICIPATION: The study will be utilized to create greater 
awareness to the importance of hand hygiene in the healthcare setting. This will be 
achieved through the concept of “seeing is believing.”  
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes  
WILL MY TAKING PART IN THIS STUDY BE ANONYMOUS? Yes 
WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be 
written into a research report that will be assessed. In some cases, results may also be 
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published in a scientific journal. You will be given access to the study results if you would 
like to see them, by contacting me.  
WHO IS ORGANISING AND FUNDING THE STUDY?  The study is being organized by me, 
under the guidance of my research supervisor at the Department of Chiropractic and the 
Water and Health Research Centre in the University of Johannesburg. This study has 
received funding from the Water and Health Research Centre. 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to 
start, it was reviewed in order to protect your interests. This review was done first by the 
Department of Chiropractic, and then secondly by the Faculty of Health Sciences Research 
Ethics Committee at the University of Johannesburg. In both cases, the study was 
approved. 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should 
contact me at any time if you feel you have any concerns about being a part of this study. 
My contact details are:  
Sian Fuller  
0837835581 
siancatherinefuller@gmail.com 
You may also contact my research supervisor: 
Prof. Tobias Barnard 
Email: tgbarnard@uj.ac.za 
Dr. Chris Yelverton 
Email: chrisy@uj.ac.za 
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If you feel that any questions or complaints regarding your participation in this study have 
not been dealt with adequately, you may contact the Chairperson of the Faculty of Health 
Sciences Research Ethics Committee at the University of Johannesburg: 
Prof. C Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific 
information about this research project information, have any questions, concerns or 
complaints about this research study, its procedures, risks and benefits, you should 
communicate with me using any of the contact details given above. 
Researcher: 
Sian Fuller 
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APPENDIX B CONSENT FORM 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
Evaluating Chiropractic Students’ Hand Washing Practices Using GloGermTM as 
a Surrogate for Microbial Pathogens 
Please initial each box below: 
I confirm that I have read and understand the information sheet 
dated May 2018 for the above study. I have had the opportunity 
to consider the information, ask questions and have had these answered 
satisfactorily. 
 I understand that my participation is voluntary and that I am free 
to withdraw from this study at any time without giving any reason and 
without any consequences to me. 
 I agree to take part in the above study. 
_______________             _________________ _____________ 
Name of Participant        Signature of Participant   Date 
_________________       ___________________ ________________ 
Name of Researcher                Signature of Researcher  Date 
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APPENDIX C PHOTOGRAPH CONSENT FORM 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM FOR PHOTOGRAPHS OF HANDS 
Evaluating Chiropractic Students Hand Washing Practices Using GloGermTM as a 
Surrogate for Microbial Pathogens  
Please initial each box below: 
I hereby give consent for my hands to be photographed as part 
of the above study. 
I understand that my personal details and identifying data will be 
changed in order to protect my identity.  
I understand that the photos of my hands may be used on social 
media and for training material. 
_______________             _________________  _____________ 
Name of Participant        Signature of Participant   Date 
_________________       ___________________ ________________ 
Name of Researcher                Signature of Researcher  Date 
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APPENDIX D HAND ANALYSIS FORM 
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APPENDIX E NUMBER AND COLOUR CODING 
Table EA Colour and number scoring system used to analyse the 
photographs of the hands, in the study. 
Code Coverage Photo Capture sheet % 
1 Red full  
 
 
 
81-
100%  
2 Red 
partial  
 
 
41-
80% 
3 Red 
minimal  
  
10-
40% 
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4 Orange 
full  
 
 
81-
100% 
5 Orange 
partial  
 
 
41-
80% 
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6 Orange 
minimal  
 
 
10-
40% 
7 Green full  
  
81-
100% 
8 Green 
partial  
 
 
41-
80% 
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9 Green 
minimal  
 
 
10-
40% 
10 Blue full  
 
 
81-
100% 
11 Blue 
partial  
 
 
41-
80% 
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12 Blue 
minimal  
  
10-
40% 
13 No 
coverage 
 
 
 
0% 
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APPENDIX F PERMISSION TO USE STUDENTS AT UJ AS 
PARTICIPANTS IN THE RESEARCH STUDY 
 
Dear Professor Fourie 
My name is Sian Fuller and I am planning to investigate “Evaluating 
Chiropractic Interns Hand Washing Practices Using GloGermTM as a 
Surrogate for Microbial Pathogens” as part of my Master’s Degree in 
Technology: Chiropractic degree requirements. I hereby request permission 
to interact with the registered practical interns in the Chiropractic clinic and 
their patients on the Doornfontein campus by asking participants to apply 
GloGermTM solution to their hands, and then asking them to wash their 
hands as they normally would. I will then assess their hands under a UV 
light in a black room for any residue points of dye. A picture will then be 
taken of each participants hands from an anterior and posterior view. The 
Water and Health Research Centre will be the study sponsor and approval 
of this proposal was given by the Faculty of Health Sciences Research 
Ethics Committee. 
Yours sincerely, 
Sian Fuller 
6th year Chiropractic Student 
siancatherinefuller@gmail.com 
083 783 5581 
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APPENDIX G HIGHER DEGREES COMMITTEE  
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APPENDIX H HIGHER ETHICS COMMITTEE 
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APPENDIX I STATISTICAL SIGNIFICANCE FOR 2ND AND 1ST 
YEAR INTERNS 
Table KA Statistically significant points for 1st and 2nd year interns in the 
posterior view. The points highlighted in grey signify a 
moderate relationship amongst variables according to 
Cramer’s V statistics. 
Posterior View 
Significance 
2nd  
year 
intern 
1st year 
intern 
Pearson 
Chi-
square 
Phi 
Cramer’s 
V 
Web 2 right 80% 96,90% 0,025 0,234 0,234 
Web 3 right 82,90% 100% 0,022 0,238 0,238 
Web 4 right 60% 78,10% 0,015 0,249 0,249 
Posterior View Wrist 
Proximal Medial left 
28,60% 43,80% 0,062 0,203 0,203 
Posterior View Wrist 
Proximal Lateral left 
22,90% 37,50% 0,018 0,244 0,244 
Posterior View Wrist 
Proximal Center left 
34,30% 22,90% 0,051 0,21 0,210 
Line 1 right 48,60% 71,90% 0,042 0,217 0,217 
Line 1 left 48,60% 68,80% 0,073 0,197 0,197 
Line 2 right 45,70% 84,40% 0 0,37 0,370 
Line 2 left 48,60% 75% 0,01 0,26 0,260 
Line 3 right 48,60% 78,10% 0,01 0,261 0,261 
Line 3 left 42,90% 71,90% 0,001 0,314 0,314 
Knuckle 2 right 77,10% 93,80% 0,036 0,222 0,222 
Knuckle 2 left 71,40% 87,10% 0,051 0,211 0,211 
Knuckle 3 right 71,40% 96,90% 0,001 0,331 0,331 
Knuckle 4 right 77,10% 96,90% 0,027 0,232 0,232 
Knuckle 4 left 77,10% 90,60% 0,062 0,203 0,203 
Knuckle 5 right 51,40% 71,90% 0,004 0,284 0,284 
Digit 2 Middle 
Phalanx right 
62,90% 62,50% 0,021 0,239 0,239 
Digit 2 Proximal 
Phalanx right 
74,30% 96,90% 0,002 0,3 0,300 
Digit 2 Line 1 right 54,30% 62,50% 0,037 0,221 0,221 
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Digit 3 Distal Phalanx 
left 
71,40% 81,30% 0,007 0,271 0,271 
Digit 3 Middle 
Phalanx right 
42,90% 62,50% 0,034 0,223 0,223 
Digit 3 Proximal 
Phalanx right 
71,40% 96,90% 0,001 0,311 0,311 
Digit 3 Line 1 right 45,70% 65,60% 0,061 0,204 0,204 
Digit 4 Distal Phalanx 
left 
68,60% 90,60% 0,006 0,277 0,277 
Digit 4 Middle 
Phalanx right 
45,70% 59,45 0,069 0,199 0,199 
Digit 4 Proximal 
Phalanx right 
80% 100% 0,02 0,24 0,240 
Digit 4 Line 2 right 31,40% 50% 0,003 0,291 0,291 
Digit 4 Line 2 left 31,40% 53,10% 0,004 0,289 0,289 
Digit 5 Distal Phalanx 
left 
54,30% 81,30% 0 0,341 0,341 
Digit 5 Proximal 
Phalanx right 
57,10% 75% 0,013 0,254 0,254 
Digit 5 Line 1 right 48,60% 59,40% 0,023 0,236 0,236 
Digit 5 Line 2 left 34,30% 56,30% 0,052 0,209 0,209 
Digit 2 Nail Crease 
right 
54,30% 78,10% 0,038 0,22 0,220 
Digit 4 Nail Crease 
left 
65,70% 75% 0,005 0,279 0,279 
Digit 4 Nail left 45,70% 71,90% 0,003 0,29 0,29 
Digit 5 5 Nail Crease 
left 
51,40% 65,60% 0,001 0,321 0,321 
Digit 5 Nail left 48,60% 65,60% 0 0,342 0,342 
 
 
 
 
 
 
 
 
95 
Table KB Statistically significant points for 1st and 2nd year interns in the 
anterior view. The points highlighted in grey signify a 
moderate relationship amongst variables according to 
Cramer’s V statistics 
AV 2
nd 
year 
intern 
1st 
year 
intern 
Pearson 
Chi-
square 
Phi 
Cramer’s 
V Significance 
Anterior View Palm 
Line 1 left 
22,90% 56,30% 0,002 0,309 0,309 
Anterior View Palm 
Line 2 right 
20% 31,30% 0,066 0,2 0,2 
Anterior View Palm 
Line 2 left 
20% 31,30% 0,003 0,294 0,294 
Anterior View Palm 
Line 3 right 
14,30% 37,50% 0 0,364 0,364 
Anterior View Palm 
Line 3 left 
14,30% 29% 0 0,345 0,345 
Anterior View Thumb 
Line 1 left 
26,50% 31,30% 0,026 0,234 0,234 
Anterior View Thenar 
left 
20% 46,90% 0,052 0,209 0,209 
Digit 2 Distal Phalanx 
right 
14,30% 12,50% 0,032 0,225 0,225 
Digit 2 Distal Phalanx 
left 
5,70% 15,60% 0,001 0,32 0,320 
Digit 2 Middle 
Phalanx right 
22,90% 15,60% 0,029 0,229 0,229 
Digit 2 Middle 
Phalanx left 
8,60% 25% 0,004 0,289 0,289 
Digit 2 Proximal 
Phalanx right 
17,10% 28,10% 0,007 0,271 0,271 
Digit 2 Proximal 
Phalanx left 
14,30% 37,50% 0,002 0,305 0,305 
Digit 2 Line 1 right 5,70% 25% 0,001 0,329 0,329 
Digit 2 Line 2 right 14,30% 6,30% 0,016 0,247 0,247 
Digit 2 Line 2 left 2,90% 15,60% 0,018 0,245 0,245 
Digit 2 Line 3 left 2,90% 18,80% 0,009 0,263 0,263 
Digit 3 Distal Phalanx 
right 
5,70% 15,60% 0,001 0,333 0,333 
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Digit 3 Distal Phalanx 
left 
11,40% 18,80% 0 0,338 0,338 
Digit 3 Middle 
Phalanx right 
14,30% 15,60% 0,003 0,292 0,292 
Digit 3 Middle 
Phalanx left 
5,70% 25% 0 0,401 0,401 
Digit 3 Proximal 
Phalanx right 
17,10% 31,30% 0,006 0,276 0,276 
Digit 3 Proximal 
Phalanx left 
17,10% 37,50% 0 0,341 0,341 
Digit 3 Line 1 right 11,40% 31,30% 0,002 0,301 0,301 
Digit 3 Line 1 left 17,10% 28,10% 0,002 0,298 0,298 
Digit 3 Line 2 right 11,40% 6,30% 0,001 0,333 0,333 
Digit 3 Line 2 left 5,70% 21,90% 0 0,349 0,349 
Digit 3 Line 3 right 11,40% 9,40% 0,012 0,258 0,258 
Digit 3 Line 3 left 5,70% 15,60% 0,021 0,239 0,239 
Digit 4 Distal Phalanx 
right 
8,60% 9,40% 0 0,344 0,344 
Digit 4 Distal Phalanx 
left 
5,70% 25% 0,002 0,305 0,305 
Digit 4 Middle 
Phalanx right 
8,60% 18,80% 0,001 0,321 0,321 
Digit 4 Middle 
Phalanx left 
11,40% 28,10% 0,005 0,281 0,281 
Digit 4 Proximal 
Phalanx right 
22,90% 46,90% 0,006 0,275 0,275 
Digit 4 Proximal 
Phalanx left 
28,60% 43,80% 0,002 0,308 0,308 
Digit 4 Line 1 right 17,10% 34,40% 0,004 0,283 0,283 
Digit 4 Line 1 left 22,90% 37,50% 0 0,336 0,336 
Digit 4 Line 2 right 8,60% 18,80% 0,001 0,321 0,321 
Digit 4 Line 2 left 11,40% 28,10% 0,005 0,281 0,281 
Digit 4 Line3 right 8,60% 6,30% 0,008 0,269 0,269 
Digit 5 Distal Phalanx 
right 
8,60% 12,50% 0 0,339 0,339 
Digit 5 Distal Phalanx 
left 
8,60% 21,90% 0,001 0,323 0,323 
Digit 5 Middle 
Phalanx right 
8,60% 15,60% 0,005 0,281 0,281 
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Digit 5 Middle 
Phalanx left 
5,70% 28,10% 0 0,347 0,347 
Digit 5 Proximal 
Phalanx right 
17,10% 28,10% 0,002 0,298 0,298 
Digit 5 Proximal 
Phalanx left 
8,60% 28,10% 0 0,4 0,400 
Digit 5 Line 1 right 14,30% 25% 0,001 0,331 0,331 
Digit 5 Line 1 left 11,40% 25% 0 0,366 0,366 
Digit 5 Line 2 right  8,60% 12,50% 0,004 0,283 0,283 
Digit 5 Line 2 left 8,60% 21,90% 0 0,336 0,336 
Digit 5 Line 3 right 5,70% 9,40% 0,001 0,327 0,327 
Digit 5 Line 3 left 5,70% 18,80% 0,005 0,282 0,282 
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APPENDIX J   STATISTICAL ANALYSIS FOR INTERNS AND 
PATIENTS 
Table LA Statistically significant points for the interns and patients in the 
posterior view. The points highlighted in grey signify a 
moderate relationship amongst variables according to 
Cramer’s V statistics. 
Posterior View 
Significance 
Intern Patient 
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Posterior View Wrist 
Proximal Lateral left 
31,30% 49,30% 0,053 
-
0,183 
0,183 
Line 2 right 64,20% 82,10% 0,032 
-
0,202 
0,202 
Digit 2 Middle 
Phalanx right 
62,70% 83,60% 0,011 
-
0,236 
0,236 
Digit 2 Middle 
Phalanx left 
74,60% 80,60% 0,534 
-
0,072 
0,072 
Digit 2 Line 1 right 58,20% 77.6% 0,026 
-
0,208 
0,208 
Digit 3 Distal 
Phalanx left 
76,10% 94% 0.008 
-
0,251 
0,251 
Digit 3 Middle 
Phalanx right 
52,20% 68,70% 0,077 
-
0,168 
0,168 
Digit 4 Distal 
Phalanx left 
79,10% 91% 0,09 
-
0,168 
0,168 
Digit 4 Middle 
Phalanx right 
52,20% 68,70% 0,077 
-
0,168 
0,168 
Digit4 Line 2 right 38,80% 67,20% 0,002 
-
0,284 
0,284 
Digit 4 Line 2 left 41,80% 65,70% 0,009 
-
0,239 
0,239 
Digit 5 Distal 
Phalanx left 
62,70% 88,10% 0.007 
-
0,251 
0,251 
Digit 5 Middle 
Phalanx right 
40,30% 59,70% 0,038 
-
0,194 
0,194 
Digit 5 Proximal 
Phalanx right 
65,70% 83,60% 0,029 
-
0,206 
0,206 
Digit 5 Line 1 right 53,70% 74,60% 0,019 
-
0,218 
0,218 
Digit 5 Line 2 left 43,30% 59,70% 0,084 
-
0,164 
0,164 
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Digit 2 Nail right 35,80% 54,50% 0,046 
-
0,188 
0,188 
Digit 3 Nail Crease 
left 
79,10% 91% 0,09 
-
0,168 
0,168 
Digit 4 Nail Crease 
left 
70,10% 91% 0,005 
-
0,264 
0,264 
Digit 4 Nail right 50,70% 67,20% 0,079 
-
0,167 
0,167 
Digit 4 Nail left 58,20% 77,60% 0,026 
-
0,208 
0,208 
Digit 5 Nail Crease 
left 
56,70% 86,60% 0 
-
0,331 
0,331 
Digit 5 Nail right 61,20% 76,10% 0,094 
-
0,161 
0,161 
Digit 5 Nail left 55,20% 86,60% 0 
-
0,345 
0,345 
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Table LB Statistically significant points for the interns and patients in the 
anterior view. The points highlighted in grey signify a 
moderate relationship amongst variables according to 
Cramer’s V statistics 
Anterior View 
Significance 
Intern  Patient 
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Anterior View 
Wrist Lateral right 
91% 77,60% 0,057 0,185 0,185 
Anterior View 
Palm Line 1 left 
38,80% 58,20% 0,038 -0,194 0,194 
Anterior View 
Palm Line 2 right 
25,40% 41,80% 0,067 -0,174 0,174 
Anterior View 
Palm Line 2 left 
25,40% 52,20% 0,003 -0,276 0,276 
Anterior View 
Palm Line 3 right 
26,90% 55,20% 0,002 -0,288 0,288 
Anterior View 
Palm Line 3 left 
21,20% 52,20% 0 -0,322 0,322 
Anterior View 
Thumb Distal 
Phalanx left 
22,40% 38,80% 0,061 -0,178 0,178 
Anterior View 
Thumb Line 1 left 
30,30% 49,30% 0,04 -0,194 0,194 
Anterior View 
Hypothenar left 
20,90% 35,80% 0,085 -0,166 0,166 
Digit 2 Distal 
Phalanx right 
13,40% 31,30% 0,023 -0,215 0,215 
Digit 2 Distal 
Phalanx left 
11,90% 35,80% 0,002 -0,28 0,280 
Digit 2 Middle 
Phalanx right 
19,40% 38,80% 0,022 -0,214 0,214 
Digit 2 Middle 
Phalanx left 
17,90% 38,80% 0,013 -0,232 0,232 
Digit 2 Proximal 
Phalanx right 
23,90% 46,30% 0,011 -0,235 0,235 
Digit 2 Proximal 
Phalanx left 
25,40% 50,70% 0,004 -0,261 0,261 
Digit 2 Line 1 right 16.4% 40,30% 0,004 -0,265 0,265 
Digit 2 Line 1 left 22,40% 49,30% 0,002 -0,28 0,28 
Digit 2 Line 2 right 10,40% 29,90% 0,01 -0,242 0,242 
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Digit 2 Line 2 left 9% 25,40% 0,022 -0,218 0,218 
Digit 2 Line 3 left 11,90% 26,90% 0,049 -0,189 0,189 
Digit 3 Distal 
Phalanx right 
11,90% 37,30% 0,001 -0,294 0,294 
Digit 3 Distal 
Phalanx left 
14,90% 46,30% 0 -0,34 0,340 
Digit 3 Middle 
Phalanx right 
16,40% 38,80% 0,007 -0,25 0,25 
Digit 3 Middle 
Phalanx left 
16,40% 49,30% 0 -0,35 0,350 
Digit 3 Proximal 
Phalanx right 
25,40% 47,80% 0,012 -0,232 0,232 
Digit 3 Proximal 
Phalanx left 
26,90% 56,70% 0,001 -0,303 0,303 
Digit 3 Line 1 right 20,90% 46,30% 0,003 -0,269 0,269 
Digit 3 Line 1 left 22,40% 49,30% 0,002 -0,28 0,28 
Digit 3 Line 2 right 10,40% 35,80% 0,001 -0,301 0,301 
Digit 3 Line 2 left 14,90% 41,80% 0,001 -0,298 0,298 
Digit 3 Line 3 right 10,40% 30,30% 0,009 -0,247 0,247 
Digit 3 Line 3 left 10,40% 28,40% 0,016 -0,226 0,226 
Digit 4 Distal 
Phalanx right 
9% 38,80% 0 -0,35 0,350 
Digit 4 Distal 
Phalanx left 
16,40% 35,80% 0,018 -0,221 0,221 
Digit 4 Middle 
Phalanx right 
13,40% 41,80% 0,001 -0,317 0,317 
Digit 4 Middle 
Phalanx left 
20,90% 41,80% 0,015 -0,225 0,225 
Digit 4 Proximal 
Phalanx right 
34,30% 55,20% 0,024 -0,21 0,21 
Digit 4 Proximal 
Phalanx left 
37,30% 62,70% 0,006 -0,254 0,254 
Digit 4 Line 1 right 25,40% 49,30% 0,007 -0,247 0,247 
Digit 4 Line1 left 31,30% 59,70% 0,002 -0,285 0,285 
Digit 4 Line 2 right 13,40% 41,80% 0,001 -0,317 0,317 
Digit 4 Line 2 left 19,40% 43,30% 0,005 -0,257 0,257 
Digit 4 Line 3 right 7,50% 28,40% 0,003 -0,272 0,272 
Digit 5 Distal 
Phalanx right 
10,40% 38,80% 0 -0,329 0,329 
Digit 5 Distal 
Phalanx left 
14,90% 43,30% 0,001 -0,312 0,312 
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Digit 5 Middle 
Phalanx right 
11,90% 35,80% 0,002 -0,28 0,28 
Digit 5 Middle 
Phalanx left 
16,40% 43,30% 0,001 -0,294 0,294 
Digit 5 Proximal 
Phalanx right 
22,40% 49,30% 0,002 -0,28 0,28 
Digit 5 Proximal 
Phalanx left 
17,90% 53% 0 -0,367 0,367 
Digit 5 Line 1 right 20,90% 47,80% 0,002 -0,283 0,283 
Digit 5 Line 1 left 17,90% 50,70% 0 -0,346 0,346 
Digit 5 Line 2 right 10,40% 34,30% 0,002 -0,286 0,286 
Digit 5 Line 2 left 16,40% 41,80% 0,002 -0,279 0,279 
Digit 5 Line 3 right 7,50% 34,30% 0 -0,33 0,33 
Digit 5 Line 3 left 11,90% 34,30% 0,004 -0,265 0,265 
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APPENDIX K STATISTICAL SIGNIFICANCE FOR THE TOTAL 
NUMBER OF MALE AND TOTAL NUMBER OF 
FEMALE PARTICIPANTS 
Table MA Statistically significant points for the total number of male and 
female participants in the posterior view. 
Posterior 
View 
Significance:  
Male 
Femal
e   
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Line 1 left 78% 58,10% 0,043 0,192 0,192 
Knuckle 2 left 95,10% 79,10% 0,039 0,202 0,202 
Knuckle 3 left 97,60% 82,80% 0,037 0,204 0,204 
Digit 2 Middle 
Phalanx left 
92,70% 71% 0,011 0,24 0,24 
Digit 2 
Proximal 
Phalanx left 
97,60% 82,80% 0,037 0,204 0,204 
 
Table MB Statistically significant points for the total number of male and 
female participants in the anterior view. 
Anterior 
View Male 
Femal
e   
Continuity 
Correction
b 
Phi 
Cramer’
s V 
Significance 
Anterior View 
Hypothenar 
left 
14,60% 34,40% 0,033 -0,285 0,285 
Digit 2 Distal 
Phalanx left 
12,20% 29% 0,059 -0,182 0,182 
Digit 2 Line 2 
right 
31,70% 15,10% 0,048 0,191 0,191 
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APPENDIX L STATISTICAL SIGNIFICANCE FOR THE 
INFLUENCE OF ACCESS TO SOAP 
Table NA Statistically significant points for participants with and without 
access to soap, in the posterior view. The points highlighted 
in grey signify a moderate relationship amongst variables 
according to Cramer’s V statistics. 
PV Significance 
Access 
to soap 
No 
access 
to soap   
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Web 1 left 68,90% 96,90% 0,003 -0,277 0,277 
Web 4 right 70,90% 96,90% 0,005 -0,263 0,263 
Web 4 left 79,60% 96,90% 0,021 -0,199 0,199 
Posterior View 
Wrist Distal Lateral 
right 
79,60% 96,90% 0,021 -0,199 0,199 
Posterior View 
Wrist Distal Medial 
left 
75,70% 93,80% 0,026 -0,192 0,192 
Posterior View 
Wrist Distal 
Central left 
73,80% 90,60% 0,045 -0,172 0,172 
Posterior View 
Wrist Proximal 
Medial right 
53,40% 75% 0,03 -0,186 0,186 
Posterior View 
Wrist Proximal 
Medial left 
34% 78,10% 0 -0,378 0,378 
Posterior View 
Wrist Proximal 
Lateral right 
50,50% 71,90% 0,033 -0,183 0,183 
Posterior View 
Wrist Proximal 
Lateral left 
30,10% 75% 0 -0,389 0,389 
Posterior View 
Wrist Proximal 
Central right 
51,50% 71,90% 0,042 -0,175 0,175 
Posterior View 
Wrist Proximal 
Central left 
27,20% 71,90% 0 -0,392 0,392 
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Thumb Area left 76,70% 96,90% 0,01 -0,221 0,221 
Line 1 right 58,30% 90,60% 0,001 -0,29 0,29 
Line 1 left 56,30% 90,60% 0 -0,305 0,305 
Line 2 right 67% 93,80% 0,003 -0,257 0,257 
Line 2 left 61,20% 93,80% 0,001 -0,299 0,299 
Line 3 right 61,20% 93,80% 0,001 -0,299 0,299 
Line 3 left 60,20% 90,60% 0,001 -0,276 0,276 
Knuckle 5 right 64,10% 96,90% 0 -0,31 0,31 
Knuckle 5 left 78,60% 96,90% 0,033 -0,206 0,206 
Thumb Distal 
Phalanx right 
71,80% 96,90% 0,006 -0,256 0,256 
Thumb Distal 
Phalanx left 
73,80% 96,90% 0,01 -0,242 0,242 
Thumb Nail right 42,70% 75% 0,003 -0,275 0,275 
Thumb Nail  left 38,80% 68,80% 0,006 -0,255 0,255 
Thumb Nail 
Crease right 
64,10% 87,50% 0,022 -0,217 0,217 
Thumb Nail 
Crease left 
72,80% 93,80% 0,025 -0,214 0,214 
Thumb Proximal 
Phalanx left 
76,70% 96,90% 0,021 -0,221 0,221 
Digit 2 Distal 
Phalanx right 
75,70% 100% 0,005 -0,266 0,266 
Digit 2 Middle 
Phalanx right 
68% 90,60% 0,021 -0,218 0,218 
Digit 2 Middle 
Phalanx left 
72,80% 93,80% 0,025 -0,214 0,214 
Digit 2 Line 1 right 61,20% 90,60% 0,004 -0,269 0,269 
Digit 2 Line 1 left 68% 93,80% 0,007 -0,25 0,25 
Digit 3 Distal 
Phalanx right 
65% 100% 0 -0,336 0,336 
Digit 3 Distal 
Phalanx left 
80,60% 100% 0,016 -0,232 0,232 
Digit 3 Middle 
Phalanx right 
54,40% 81,30% 0,012 -0,234 0,234 
Digit 3 Middle 
Phalanx left 
62,70% 90,60% 0,006 -0,258 0,258 
Digit 3 Proximal 
Phalanx right 
84,50% 100% 0,039 -0,204 0,204 
Digit 3 Line 1 right 54,40% 87,50% 0,002 -0,291 0,291 
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Digit 3 Line 1 left 60,20% 93,80% 0,001 -0,306 0,306 
Digit 3 Line 2 right 51,50% 84,40% 0,002 -0,285 0,285 
Digit 3 Line 2 left 55,90% 81,30% 0,018 -0,223 0,223 
Digit 4 Distal 
Phalanx right 
77,70% 100% 0,008 -0,253 0,253 
Digit 4 Distal 
Phalanx left 
80,60% 100% 0,016 -0,232 0,232 
Digit 4 Middle 
Phalanx right 
53,40% 84,40% 0,003 -0,27 0,27 
Digit 4 Middle 
Phalanx left 
63,10% 93,50% 0,002 -0,281 0,281 
Digit 4 Proximal 
Phalanx left 
83,50% 100% 0,031 -0,212 0,212 
Digit 4 Line 1 right 60,20% 93,80% 0,001 -0,306 0,306 
Digit 4 Line 1 left 61,20% 90,60% 0,004 -0,269 0,269 
Digit 4 Line 2 right 43,70% 84,40% 0 -0,347 0,347 
Digit 4 Line 2 left 44,70% 84,40% 0 -0,339 0,339 
Digit 5 Distal 
Phalanx right 
63,10% 100% 0 -0,349 0,349 
Digit 5 Distal 
Phalanx left 
72,80% 93,80% 0,025 -0,214 0,214 
Digit 5 Middle 
Phalanx right 
38,80% 87,50% 0 -0,414 0,414 
Digit 5 Middle 
Phalanx left 
54,40% 90,60% 0 -0,319 0,319 
Digit 5 Proximal 
Phalanx right 
68% 96,90% 0,002 -0,283 0,283 
Digit 5 Proximal 
Phalanx left 
79,60% 96,90% 0,042 -0,199 0,199 
Digit 5 Line 1 right 55,30% 93,80% 0 -0,341 0,341 
Digit 5 Line 1 left 64,10% 90,60% 0,008 -0,247 0,247 
Digit 5 Line 2 right 36,90% 84,40% 0 -0,404 0,404 
Digit 5 Line 2 left 42,70% 81,30% 0 -0,328 0,328 
Digit 2 Nail Crease 
right 
65% 90,60% 0,01 -0,24 0,24 
Digit 2 Nail Crease 
left 
75,70% 96,90% 0,017 -0,228 0,228 
Digit 2 Nail right 37,90% 71% 0,002 -0,28 0,28 
Digit 3 Nail Crease 
right 
67% 93,80% 0,006 -0,257 0,257 
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Digit 3 Nail Crease 
left 
80,60% 100% 0,016 -0,232 0,232 
Digit 3 Nail right 65% 93,80% 0,003 -0,271 0,271 
Digit 3 Nail left 74,80% 100% 0,004 -0,272 0,272 
Digit 4 Nail Crease 
right 
75,70% 100% 0,005 -0,266 0,266 
Digit 4 Nail Crease 
left 
74,80% 100% 0,004 -0,272 0,272 
Digit 4 Nail right 50,50% 87,50% 0 -0,32 0,32 
Digit 4 Nail left 59,20% 96,90% 0 -0,344 0,344 
Digit 5 Nail Crease 
right 
61,20% 100% 0 -0,362 0,362 
Digit 5 Nail Crease 
left 
65% 93,80% 0,003 -0,271 0,271 
Digit 5 Nail right 59,25 100% 0 -0,375 0,375 
Digit 5 Nail left 64,10% 93,80% 0,003 -0,278 0,278 
 
Table NB Statistically significant points for participants with and without 
access to soap, in the anterior view. The points highlighted in 
blue signify a moderate relationship amongst variables 
according to Cramer’s V statistics 
AV 
Significance 
Access 
to soap 
No 
access 
to soap   
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Anterior View 
Palm Line 1 
right 
45,10% 68,80% 0,033 -0,202 0,202 
Anterior View 
Palm Line 1 
left 
41,70% 71,90% 0,006 -0,256 0,256 
Anterior View 
Palm Line 2 
right 
27,20% 56,30% 0,005 -0,261 0,261 
Anterior View 
Palm Line 2 
left 
32% 62,50% 0,004 -0,265 0,265 
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Anterior View 
Palm Line 3 
right 
31,10% 75% 0 -0,379 0,379 
Anterior View 
Palm Line 3 
left 
29,40% 62,50% 0,002 -0,292 0,292 
Anterior View 
Thumb Distal 
Phalanx left 
24,30% 50% 0,011 -0,238 0,238 
Anterior View 
Thumb Line 1 
left 
32,40% 65,60% 0,002 -0,289 0,289 
Anterior View 
Thumb 
Proximal 
Phalanx left 
50,50% 75% 0,025 -0,21 0,21 
Anterior View 
Hypothenar 
right 
26,20% 65,60% 0 -0,35 0,35 
Anterior View 
Hypothenar 
left 
20,40% 56,30% 0 -0,336 0,336 
Anterior View 
Thenar right 
19,40% 46,90% 0,004 -0,266 0,266 
Anterior View 
Thenar left 
29,10% 59,40% 0,004 -0,268 0,268 
Digit 2 Distal 
Phalanx right 
14,60% 50% 0 -0,358 0,358 
Digit 2 Distal 
Phalanx left 
13,60% 56,30% 0 -0,427 0,427 
Digit 2 Middle 
Phalanx right 
24,30% 46,90% 0,026 -0,211 0,211 
Digit 2 Middle 
Phalanx left 
20,40% 53,10% 0,001 -0,31 0,31 
Digit 2 
Proximal 
Phalanx right 
29,10% 53,10% 0,023 -0,214 0,214 
Digit 2 
Proximal 
Phalanx left 
31,10% 59,40% 0,007 -0,248 0,248 
Digit 2 Line 1 
right 
22,30% 46,90% 0,013 -0,232 0,232 
Digit 2 Line 1 
left 
28,20% 59,40% 0,003 -0,277 0,277 
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Digit 2 Line 2 
right 
13,60% 40,60% 0,002 -0,287 0,287 
Digit 2 Line 2 
left 
8,70% 43,80% 0 -0,396 0,396 
Digit 2 Line 3 
right 
14,60% 40,60% 0,003 -0,273 0,273 
Digit 2 Line 3 
left 
10,70% 46,90% 0 -0,39 0,39 
Digit 3 Distal 
Phalanx right 
15,50% 53,10% 0 -0,372 0,372 
Digit 3Distal 
phalanx left 
21,40% 59,40% 0 -0,352 0,352 
Digit 3 Middle 
Phalanx right 
19,40% 56,30% 0 -0,348 0,348 
Digit 3 Middle  
Phalanx left 
23,30% 62,50% 0 -0,356 0,356 
Digit 3 
Proximal 
Phalanx right 
29,10% 59,40% 0,004 -0,268 0,268 
Digit 3 
Proximal 
Phalanx left 
34% 68,80% 0,001 -0,299 0,299 
Digit 3 Line 1 
right 
26,20% 56,30% 0,003 -0,271 0,271 
Digit 3 Line 
left 
29,10% 59,40% 0,004 -0,268 0,268 
Digit 3 Line 2 
right 
14,60% 50% 0 -0,358 0,358 
Digit 3 Line 2 
left 
21,40% 50% 0,003 -0,271 0,271 
Digit 3 Line 3 
right 
11,70% 51,60% 0 -0,414 0,414 
Digit 3 Line 3 
left 
13,60% 37,50% 0,006 -0,258 0,258 
Digit 4 Distal 
Phalanx right 
14,60% 53,10% 0 -0,386 0,386 
Digit 4 Distal 
Phalanx left 
18,40% 53,10% 0 -0,333 0,333 
Digit 4 Middle 
Phalanx right 
18,40% 56,30% 0 -0,36 0,36 
Digit 4 Middle 
Phalanx left 
22,30% 59,40% 0 -0,34 0,34 
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Digit 4 
Proximal 
Phalanx right 
36,90% 71,90% 0,001 -0,299 0,299 
Digit 4 
Proximal 
Phalanx left 
44,70% 68,80% 0,029 -0,205 0,205 
 Digit 4 Line 1 
right 
29,10% 65,60% 0 -0,32 0,32 
Digit 4 Line 1 
left 
38,80% 68,80% 0,006 -0,255 0,255 
Digit 4 Line 2 
right 
18,40% 56,30% 0 -0,36 0,36 
Digit 4 Line 2 
left 
21,40% 62,50% 0 -0,378 0,378 
Digit 4 Line 3 
right 
9,70% 43,80% 0 -0,379 0,379 
Digit 4 Line 3 
left 
13,60% 46,90% 0 -0,345 0,345 
Digit 5 Distal 
Phalanx right 
17,50% 50% 0.001 -0,319 0,319 
Digit 5 Distal 
Phalanx left 
21,40% 53,10% 0,001 -0,298 0,298 
Digit 5 Middle 
Phalanx right 
14,60% 53,10% 0 -0,386 0,386 
Digit 5 Middle 
Phalanx left 
21,40% 59,40% 0 -0,352 0,352 
Digit 5 
Proximal 
Phalanx right 
25,20% 71,90% 0 -0,412 0,412 
Digit 5 
Proximal 
Phalanx left 
23,50% 75% 0 -0,458 0,458 
Digit 5 Line 1 
right 
23,30% 71,90% 0 -0,434 0,434 
Digit 5 Line 1 
left 
22,30% 75% 0 -0,47 0,47 
Digit 5 Line 2 
right 
12,60% 53,10% 0 -0,414 0,414 
Digit 5 Line 2  
left 
20,40% 59,40% 0 -0,363 0,363 
Digit 5 Line3 
right  
13,60% 43,80% 0,001 -0,316 0,316 
Digit 5 Line 3 
left 
15,50% 46,90% 0,001 -0,317 0,317 
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APPENDIX M STATISTICAL SIGNIFICANCE OF MALES AND 
FEMALES WITH NO ACCESS TO SOAP 
Table OA Statistically significant points for males and females with no 
access to soap, in the posterior view. The points highlighted 
in grey signify a moderate relationship amongst variables 
according to Cramer’s V statistics. 
PV 
Significance 
No 
Access 
to soap 
Male Female   
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Digit 5 Distal 
Phalanx left 
No 71,40% 100% 0,067 -0,486 0,486 
Digit 5 Nail 
Crease left 
No 71,40% 100% 0,067 -0,486 0,486 
Digit 5 Nail left No 71,40% 100% 0,067 -0,486 0,486 
 
Table OB Statistically significant points for males and females with no 
access to soap, in the anterior view. The points highlighted in 
grey signify a moderate relationship amongst variables 
according to Cramer’s V statistics 
 
  
AV No 
Access 
to soap 
Male Female   
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Significance 
Anterior View 
Wrist Medial 
lateral 
No 42,90% 83,30% 0,096 -0,387 0,387 
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APPENDIX N STATISTICAL SIGNIFICANCE FOR MALES AND 
FEMALES WITH ACCESS TO SOAP 
Table PA Statistically significant points for males and females with 
access to soap, in the posterior view 
 
 
 
 
 
 
PV 
Significance 
Access 
to soap 
Male Female   
Continuity 
Correctionb 
Phi 
Cramer’s 
V 
Thumb Area 
left 
Yes 88,20% 71% 0,09 0,192 0,192 
Line 1 left Yes 73,50% 47,80% 0,024 0,244 0,244 
Knuckle 2 left Yes 94,10% 73,10% 0,025 0,249 0,249 
Knuckle 3 left Yes 97,10% 78,30% 0,029 0,244 0,244 
Knuckle 5 left Yes 91,20% 72,50% 0,054 0,215 0,215 
Digit 2 
Middle 
Phalanx left 
Yes 91,20% 63,80% 0,007 0,29 0,29 
Digit 2 
Proximal 
Phalanx left 
Yes 97,10% 78,30% 0,029 0,244 0,244 
Digit 3 Line 1 
right 
Yes 70,60% 46,40% 0,035 0,229 0,229 
Digit 4 Line 1 
left 
Yes 76,50% 53,60% 0,043 0,22 0,22 
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Table PB Statistically significant points for males and females with 
access to soap, in the anterior view. 
AV Access 
to soap 
Male Female   
Continuity 
Correctionb 
Phi 
Cramer’s 
V Significance 
Anterior View 
Wrist Lateral 
right 
Yes 94,10% 78,30% 0,079 0,201 0,201 
Anterior View 
Thumb Line 
1 right 
Yes 55,90% 34,80% 0,067 0,201 0,201 
Digit 2 Line 2 
right 
Yes 26,50% 7,20% 0,018 0,264 0,264 
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APPENDIX O TURNITIN  
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